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Relationships Among Isokinetic Knee Flexion and Extension
Parameters, Three Functional Tests, and
Subjective Knee Scores in ACL Reconstructed Patients

Abstract
The purposes of this study were: (1) to investigate the relationships
between isokinetically tested quadriceps femoris and hamstring strength, the
subjects' self-assessment of knee function, and three functional tests, and (2) to
determine the strength and functional differences between the surgical and nonsurgical limbs. Subjects included 18 males and 27 females aged 18 to 45 years
who had undergone anterior cruciate ligament reconstruction. Knee strength
was measured at 180, 300, and 450°/second and normalized to body weight,
while functional hop data were normalized to height. Significant differences
existed between limbs for the single, triple, and cross-over hops, and all, but one,
isokinetic extension variable. Moderate to good correlations were found between
knee extension values and the single, triple, and cross-over hops. Fair
correlations were noted between knee flexors and the triple and cross-over hops.
Results suggest clinicians should use both strength and functional measures to
determine return to activity.
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Mean or Average Torque ; the average torque calculated from the tension
produced over several consecutive torque curves.
Mean Torque to Body Weight : percentage expressing the ratio of mean torque
to body weight.
Peak Torque : refers to the single highest torque produced by a muscle group
action through a range of motion.
Torque Acceleration Energy (TAB) : energy needed to accelerate the limb to the
preset speed of the isokinetic machine.
Total Work : calculated by summing the area under the torque curves produced
during the exercise set.
Total Work to Body Weight ; a percentage expressing the ratio of the total work
to body weight.
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Chapter 1
Introduction
The anterior cruciate ligament (ACL) is a key structure for controlling static
and dynamic knee stability. A partial or complete rupture of this ligament is one
of the most commonly treated knee injuries (Podesta & Podesta, 1994). Injury to
the ACL leads to abnormal arthrokinematics within the tibiofemoral joint (Irrgang,
1993). If untreated, the knee joint may become vulnerable to recurrent pain,
progressive instability, meniscal tears, articular degeneration, arthritic changes
and significant functional losses (Seto, Orofino, Morrissey, Medeiros, & Mason,
1988; Irrgang, 1993; Tovin, Tovin, & Tovin, 1992). Most individuals who wish to
return to athletics or other demanding activities require surgical reconstruction of
the ACL in order to avoid repeated episodes of the knee "giving way" during
activity (Podesta & Podesta, 1994).
Rehabilitation following ACL reconstruction continues to be one of the
most discussed topics in sports medicine. Current trends are geared towards a
more aggressive accelerated approach in treating these post-surgical patients.
The more rapid approaches return patients to activity within approximately 4 to 6
months, whereas the more traditional conservative approaches do not return
patients to full activity until 9 to 12 months post-surgery (Blair & Wills, 1991; Fu,
Woo, & Irrgang, 1992; Wilk & Andrews, 1992; DeCarlo, Shelbourne, McCarroll, &
Rettig, 1992; Irrgang, 1993; Paulos, Noyes, G rood, & Butler, 1991).
Isokinetic dynamometers are commonly used to assess muscular strength
and endurance of the knee flexors and extensors as patients progress through
rehabilitation. In the last stage of treatment physicians commonly utilize
isokinetic test results as one of the important prerequisites to determine the

patient's eligibility for return to full activity. Most protocols require the involved
extremity strength, found isokinetically, to be within 70 to 90% of the uninvolved
extremity (Stanish & Lai, 1993; Shelbourne & Nitz, 1990; Fu et al., 1992;
DeCarlo et al., 1992; Blair & Wills, 1991).
The use of Isokinetic scores as a determinant of function for return to full
activity has recently been questioned. Many studies have looked for a
correlation between isokinetic strength testing and functional activities. Since
results of these studies have been conflicting, some suggest that physicians
should not rely heavily on isokinetic scores to decide if their patient is ready to
return to full activity.
The purposes of this study were: first, to further investigate the
relationship between knee strength as tested by the Biodex® isokinetic
dynamometer and three functional tests including: single hop for distance, triple
hop for distance, and cross-over hop for distance in post ACL reconstructed
knees; second, to determine the relationship between the subject's selfassessment of the condition of their knee and isokinetic and functional test
scores; and third to study the differences in strength and function between the
surgical and non-surgical knees.

Biodex® isokinetic dynamometer, Biodex Corporation, Shirley, NY.

Chapter 2
Literature Review
Anterior Cruciate Ligament
The anterior cruciate ligament (ACL) attaches to the anterior tibia and
extends superiorly and posteriorly to attach to the posterior, inner aspect of the
lateral femoral condyle. It consists of an anteromedial band (AMB) and a
posterolateral band (PLB). When the knee is in extension, the AMB is
considered to be moderately lax and the PLB is taut and when the knee is in
flexion, the AMB is taut and the PLB is lax. At every point in the range of motion
of the knee some part of the ligament is tight (Norkin & Levangie, 1992).
The ACL functions as the primary restraint to anterior displacement of the
proximal tibia on the femoral condyles. It also contributes to restraining varus
and valgus stresses across the knee joint and plays a role in producing and
controlling the rotation of the tibia (Norkin & Levangie, 1992).
According to Feagin and Curl (1976), when there is an injury to the ACL
the patient usually hears or feels a pop. They are unable to continue with activity
and develop significant swelling within 12 hours. Usually, there is no history of
contact and the injury is rarely in isolation. If the injury is a contact injury, it
usually will involve injury to a greater number of structures such as the collateral
ligaments, menisci, or capsule, among others (Campbell, 1990). The
mechanism of injury may involve twisting with forced internal rotation of the tibia
with the knee close to extension or external rotation with the knee flexed. Initially
after the injury, there is usually no notable instability in the knee, but later
individuals will exhibit anteromedial and anterolateral rotary instability (Feagin &
Curl, 1976). The integrity of the ACL is commonly tested with the anterior
drawer, Lachman's, and pivot-shift tests (Campbell, 1990).

Surgical Procedure
Many factors are considered before making the decision to have anterior
cruciate ligament (ACL) reconstruction surgery. Some of these include: the
degree of instability, the demands of the patient's sport or activities, success or
failure of bracing, and success or failure of a rehabilitation program to strengthen
the thigh musculature and secondary constraints (Murray, Warren, Otis, Kroll, &
Wickiewicz, 1984). Most who are active in sports and motivated to return to their
previous activities select surgery as the treatment of choice. Studies, such as
one by Clancy, Ray, and Zoltan (1985), have shown that surgical repair and
patellar tendon augmentation gave better results overall when compared to nonsurgical, but extensive rehabilitation programs.
The surgical procedures used have undergone many advances. Several
have reported using arthroscopically assisted intra-articular ACL reconstructive
surgery using a patellar tendon graft (Fu, Woo, & Irrgang, 1992; Wilk & Andrews,
1992; Tovin, Tovin, & Tovin, 1992) and considered that to be the preferred
procedure. Noyes and Barber (1991) suggested using an extra-articular
tenodesis of the iliotibial band along with intra-articular reconstruction. This
extra-articular procedure was performed in order to provide support by
decreasing forces on the graft and by decreasing tibial displacement.
There are two approaches possible for ACL reconstruction surgeries. The
first, a more traditional approach is arthrotomy, which exposes the joint through a
parapatellar incision. The second is arthroscopically assisted intra-articular
surgery. Arthroscopically assisted surgery has many proposed advantages. It
maintains the integrity of the capsule, allows better visualization of some
structures such as the lateral meniscus and intercondylar notch, avoids a large
incision, and lowers the infection risk (Tovin et al., 1992). Arthroscopic surgery is

also associated with less pain and minimizes operating and anesthesia time,
edema, and muscle inhibition (Wilks & Andrews, 1992).
Damaged ACL's are usually repaired using either autografts or allografts,
since in recent years synthetic substitutes have had less than satisfactory results
(Fu et al., 1992). An autograft is biological tissue taken from the body of the
person undergoing surgery. Autografts are commonly harvested from the
patellar tendon, gracilis tendon, semitendinosus tendon, fascia lata, iliotibial tract,
or quadriceps tendon. Autografts are the most popular replacements because of
their potential for remodeling to incorporate themselves into the joint to closely
resemble the native ACL (Tovin et al., 1992; Fu et al., 1992). The patellar
tendon graft is the most commonly used since most studies have shown good to
excellent results with its use. Additionally, Noyes, Butler, Grood, Zernicke, and
Hefzy (1984) have found that the tensile strength of the patellar tendon is
significantly higher than the other biological grafts.
The use of allografts (biological tissue taken from another human body) in
ACL reconstructions has increased recently. The tissue grafts are taken from
the same sites as autografts, but can also be taken from other sites such as the
achilles tendon. Current data have shown that there is not much difference
between the ultimate biomechanical properties of allografts and autografts (Fu et
al., 1992; Lephart, Kocher, Harner, & Fu, 1993). A recent study found that
allografts may be even better for restoring static anterior stability and minimizing
quadriceps femoris muscle strength loss (Shine, Nakata, Horibe, Inoue, &
Nakagawa, 1993).
When ACL reconstruction is performed, graft placement, tension, and
fixation are important factors to be addressed by the surgeon. Placement is
important to maintain minimal change in the length and tension of the graft
throughout passive range of motion of the knee. If the graft is isometrically

placed so that it has this constant length and tension it allows safe and early
passive motion in rehabilitation (Tovin et al., 1992). Graft tension established
during surgery also has been shown to be important because if there is too little
tension on the graft it may not provide enough stability in the knee. If there is too
much tension the graft may overload and fail (Fu et al., 1992).
Graft fixation is also important. Transplants can be fixed freely or can
have bony insertions. Bone to bone fixation results in higher stiffness and tensile
properties of the graft. The bone-patellar tendon-bone graft is a good option for
providing stable fixation (Tovin et al., 1992).
Overall, there have been good results with ACL reconstructive surgery in
recent years. Patellar tendon grafts have been found to give a high proportion of
satisfactory results that have not deteriorated over a period of ten years (Howe,
Johnson, Kaplan, Fleming, & Jarvinen, 1991).
Traditional vs. Accelerated ACL Rehabilitation
Many authors have agreed that the post-ACL reconstruction rehabilitation
process plays an important role in the functional outcome of the extremity.
Protocols, both traditional and accelerated, focus on strength recovery,
restoration of range of motion, weightbearing, and returning to full functional
activity. In the last decade, rehabilitation following ACL reconstruction has gone
through some significant changes (Irrgang, 1993).
An example of a more traditional conservative protocol used in the early to
mid-1980's is one described by Paulos, Noyes, Grood, and Butler (1991). They
discussed a five-phase program that was based on the time constraints
necessary for graft healing. In this program, the patient was casted with the
knee flexed 30 to 60 degrees and was non-weight bearing or only toe-touch
weight bearing on crutches for postoperative weeks 6 through 12. The patient
was gradually weaned from crutches during weeks 12 through 16 and began full

weight bearing without assistive devices by postoperative week 16. Light activity
and exercises, as well as isokinetics for endurance were allowed in weeks 31 to
36. Return to activity phase began around the 9th to 12th month after the ACL
reconstruction.
Some have shown that a more aggressive rehabilitation protocol following
ACL reconstruction can minimize complications and optimize restoration of the
patient's function (Irrgang, 1993). Common to many accelerated rehabilitation
programs the patient is permitted weight bearing as tolerated or at least partial
weight bearing as early as the first 2 to 3 days postoperatively. Most accelerated
programs have the patient undergoing strengthening anywhere from 1 to 3
weeks after surgery (Blair & Wills, 1991; DeCarlo, Shelbourne, McCarroll, &
Rettig, 1992; Shelbourne & Nitz, 1990). A key characteristic of accelerated
rehabilitation protocols has been the use of closed kinetic chain exercises which
are initiated 7 to 10 days after surgery (Blair & Wills, 1991; DeCarlo et al., 1992).
At approximately 6 to 12 weeks after ACL reconstruction the patient is tested
isokinetically for strength and endurance. The non-surgical limb is used to
monitor progress of the surgical limbs (Blair & Wills, 1991; DeCarlo et al., 1992).
Most of these protocols have allowed the patients to return to full activity 4 to 6
months after surgery if thigh musculature strength, as measured by isokinetic
testing, is 70-90% of the non-surgical limb and if the patient is successful in
completing a functional progression (Stanish & Lai, 1993; Shelbourne & Nitz,
1990; Fu et al., 1992; DeCarlo et al., 1992; Blair & Wills, 1991).
Open Kinetic Chain vs. Closed Kinetic Chain
Rivera (1994) defined a closed kinetic chain (CKC) as one where the
terminal segment meets with considerable resistance that prohibits its free
motion. In a CKC, motion at the knee is accompanied by motion at the hip and
ankle. He defined an open kinetic chain (OKC) as a combination of successively

arranged joints In which the terminal segment can move freely. With OKC the
motion at the knee is independent of motions at all other joints. Many studies
have suggested numerous advantages of CKC over OKC. It is theorized CKC
decreases tibial translation and ACL strain due to the co-contraction of the
quadriceps femoris and the hamstring muscles. Compression of joints in weight
bearing positions may also add to the stability of the knee. CKC activities are
more like functional activities and allow for specificity of training (Irrgang, 1993;
Lutz, Palmitier, and Chao, 1993; and Rivera, 1994). Rivera (1994) suggested
that CKC challenged the normal proprioception mechanisms, integrated activity
of all muscles normally involved in a particular action, and allowed the patient to
work on accurate coordination of body parts and velocities by using the
mechanisms of proprioception, reflexes, and central nervous system movement
patterns. CKC activities have a drawback in that they must be taught well and
performed properly in order to avoid substitution, which may allow quadriceps
femoris weakness to persist (Irrgang, 1993).
Isokinetic Exercise
The concept of isokinetic exercise was developed in the late 1960's by
James Perrine (Davies, 1992). Isokinetic devices operate with fixed speeds and
varying resistance. The machine provides accommodating resistance to the
extremity throughout the range of motion and matches the torque exerted by the
individual being tested (Davies, 1992). Isokinetic resistance devices offer
several advantages over alternate exercise modes such as isotonics and
isometrics. Some of these advantages include: maximal resistance is
encountered by the limb throughout the entire range of motion, isolation of weak
muscle groups, inherent safety mechanism, quantification of torque, work, and
power, minimal post exercise soreness with concentric contractions, validity and
reliability of the equipment, accommodation to pain and fatigue, provides hard

copy feedback to the patient and care providers, and allows objective
supervision of exercise programs and progressions. Some disadvantages of
isokinetic exercise include: exercise occurs in non-weight bearing open kinetic
chain positions, cost of equipment, lack of personnel trained in proper use, may
be time consuming, inconvenience of switching attachments for various joint set
ups, and assessment is usually limited to muscle groups through cardinal planes
of motion with the exception of diagonal patterns of the upper extremity (Perrin,
1993; Davies, 1992).
Isokinetic testing is commonly used to assess muscle strength in
orthopaedic and sports medicine settings. This type of testing and exercise has
been a mainstay of rehabilitation protocols for patients following ACL
reconstruction surgery.
Stabilization and Positioning During Isokinetic Testing and Exercise
Proper stabilization and consistent positioning during isokinetic testing
and training are important factors for preventing muscle substitution and for
isolating desired movements at a specific joint. Nosse (1982) stressed that
subjects without proper and adequate stabilization can substitute other body
movements to maximize their effort and the resultant torque produced is a
reflection of those substitutions. Davies (1992) also stressed the importance of
proper stabilization to prevent muscle substitution, which may affect the reliability
of the isokinetic test. Because the knee has no single fixed axis, the Biodex®
Manual suggests that the "best compromise" axis for the knee joint is a line
drawn in the coronal plane through the femoral condyles. A compromise for the
axis is needed because the knee joint has 6 degrees of freedom occurring
around three different axes. If alignment is incorrect, it may limit range of motion
or create "unnatural movements" at that joint (Davies, 1992). According to the
Biodex® Manual an ankle pad, thigh strap, pelvic strap, and shoulder straps
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should all be used for stabilization when testing knee flexion and extension. The
manual recommends instructing the subject to cross their arms over their chest
to minimize upper body musculature involvement.
When testing the knee flexors and extensors isokinetically, hip position
needs to be determined. A study by Currier (1977) showed that the position of
the hip made a significant difference in the torque the knee extensors produced.
Currier (1977) found that for the subject to perform resistive exercises effectively
the hip must be positioned at an angle of at least 110 degrees of flexion to take
advantage of the length-tension concept of the knee extensor muscle as it
crosses the hip joint. In contrast, Bohannon, Gajdosik, & LeVeau (1986) found
isokinetic knee extensor torque was not significantly greater in a sitting position
when compared to the semi-reclined position. Brinks, DeLong, and Stout (1995)
also demonstrated that either the supine or sitting position could be used for
isokinetic testing and this change in the knee flexor and extensor length-tension
relationship did not significantly affect isokinetic test results.
Gravity Correction
Gravity correction is another important factor when evaluating isokinetic
performance. When performing an isokinetic assessment gravity correction
procedures should be used to account for the weight of the isokinetic
dynamometer lever arm and the limb being tested when the movement is in a
gravity dependent position (Perrin, 1993). Neglecting gravitational forces on the
limb being tested could lead to errors made in the conclusions of the test results
(Winter, Wells & Orr, 1981). Winter, Wells, and Orr (1981) found that testing
knee extension and flexion without gravity correction resulted in an error in
"mechanical work" ranging from 26 to 43 percent for extension and from 55 to
510 percent for flexion. According to Nelson, et al. (1983) failure to account for
the effects of gravity could result in an error of 4 percent for the knee extensor
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muscle group and 15 percent for the knee flexor group. Another Important
reason for gravity correction to be implemented In Isokinetic testing protocol Is for
determining reciprocal muscle group ratios (Perrin, 1993).
Warm-up and Rest Intervals
To ensure reproducible results warm-up sessions on the Isokinetic
dynamometer prior to testing have been recommended by both Davies (1992)
and Perrin (1993). The warm-up should Include both submaximal and maximal
repetitions at each of the test speeds. The subject should perform several
submaximal (1-10) repetitions and at least one maximal repetition during the
warm-up at each test speed to allow the subject to warm-up and become familiar
with the Isokinetic machine (Davies, 1992). According to Perrin (1993), three
submaximal and three maximal repetitions should be used to produce reliable
measurements of Isokinetic testing for the parameters peak torque, work, and
power. A study by Johnson and Siegel (1978) showed that three submaximal
and maximal warm-up repetitions were needed to produce reliable and stable
peak torque measurements of the knee extensor muscle group.
Isokinetic protocols should Incorporate a consistent rest Interval between
each series of test repetitions and each test velocity. Stratford, Bruulsema,
Maxwell, Black, and Harding (1990) found that rest intervals resulted In greater
torque production when compared to tests where no rest Interval was allowed.
Mean peak torque, for both the knee flexor and extensor muscle groups, was
five percent less when there was no rest given (Stratford et al., 1990). Davies
(1992) found a 90 second rest period between sets of 10 repetitions to be
optimal. Perrin (1993) suggested a 30 second to one minute period of rest
between sets of four maximal repetitions and at least one minute of rest for
endurance testing (25 to 30 repetitions). Brinks, Stout, and DeLong (1995)
Incorporated rest periods of 30 seconds between Isokinetic testing speeds, 2

12

minutes before testing the opposite limb, and 5 minutes between isokinetic and
functional testing stations.
Isokinetic Testing
Peak torque (FT) has been the most frequently used isokinetic parameter
of measurement. FT refers to the single highest torque produced by a muscle
group through a range of motion (Kannus & Yasuda, 1992). One concern with
using FT for assessment of patient strength is the "overshoot" phenomenon.
This phenomenon produces an artificial spike in the fast portion of a torque curve
and this may lead to misinterpretation of the true capacity of a muscle to produce
maximal torque (Ferrin, 1993). "Overshoot" can be avoided with the use of
average torque which is calculated from the tension produced over the entire
range of motion being tested (Ferrin, 1993).
According to Ferrin (1993) "endurance is the capacity of a muscle to
produce force over a series of consecutive isokinetic contractions." One
parameter that has been used to measure endurance isokinetically is total work.
Total work is calculated by summing the area under the torque curves produced
during the isokinetic exercise set. Ferrin (1993) suggested that the endurance
capacity of a muscle group may be better indicated by the measurement of total
work.
Average power (measured in watts) is the total work divided by the total
time to perform the work. Average power samples work capabilities through out
the velocity spectrum. According to Davies (1992) greater average power
deficits are seen at slower test speeds as compared to faster speeds.
Extension torque to body weight, torque acceleration energy, total work,
and average power appear to be the most specific and sensitive isokinetic
testing parameters to demonstrate pathological weakness existing in muscle
(Davies, 1992).
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Isokinetic test speeds can range from 0 degrees/second to 450
degrees/second depending on the machine. For knee testing, Biodex ® (1990)
recommends test speeds of 60, 180, and 240 degrees/second for non-athletes
and 300, 360, and 420 degrees/second for athletes. Davies (1992) suggested
using test speeds of 60 to 90, 180, and 300 degrees/second to evaluate knee
flexion and extension strength and 240 degrees/second or 300 degrees/second
for endurance testing. Davies also indicated that speeds from 300 to 600
degrees/second more closely simulated functional activities. Testing at higher
velocities, such as 300 degrees/second and above, may decrease joint
compression and therefore, in some cases, be less painful (Davies, 1992). In
the knee, testing below 60 degrees/second may lead to high patellofemoral joint
compression causing the patient increased pain (Davies, 1992). Some
researchers have suggested that the testing should proceed from the lowest to
the highest speeds.
The number of repetitions used during isokinetic testing varies depending
on the desired effect. Perrin (1993) suggested three to four repetitions and
Davies (1992) recommended five repetitions at each test speed for reliable
measures of maximum torque. Many authors have suggested using five test
repetitions to assess muscle strength at slower velocities and approximately 30
repetitions to test endurance at higher speeds.
Subjective Knee Questionnaire
Noyes, Barber, and Mooar (1989) suggested that many published knee
rating systems lacked the ability to accurately determine abilities or limitations for
sports activities. They identified five major considerations that needed to be
incorporated into rating systems: 1.) ratings should not only look at the
percentage of patients returning to sport activity, but also needed to look at
which sport they were returning to; 2.) ratings should analyze overall Intensity of
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sports activity by specific parameters so that athletes could be grouped into
defined subgroups according to level of participation; 3.) ratings needed to
identify the "knee abuser" or the patient who returns to sports, ignoring
potentially harmful symptoms in their knee; 4.) variables should not be broadly
combined into one overall score and should not use broad categories like
excellent, good, fair, and poor; and 5.) rating systems need to incorporate
questions about alterations in athletic participation for reasons such as lifestyle
changes that have no bearing on the condition of their knee. Noyes, Barber, and
Mooar then performed a clinical trial on 59 patients incorporating all of these
suggested changes. The patients completed the questionnaire and then were
interviewed to determine any problems with the questions. After this, the rating
system was adapted to correct for any of the difficulties or inconsistencies that
the patients encountered. The rating system was then adopted into their
respective clinical practices and incorporated into further studies. Noyes,
Barber, and Mooar did not report on the validity or reliability of the knee rating
system. To date there has not been any studies conducted to establish the
validity or reliability of subjective knee rating systems.
Numerous studies have been done utilizing subjective knee
questionnaires. One study of ACL reconstructed subjects used a modified
Noyes questionnaire. It consisted of two sections. The first was to ask specific
questions related to knee symptoms and the second to have patients rate their
overall knee function on a scale of zero to 100 with 100 being a perfect knee.
Patient’s overall ratings ranged from 65 to 100 with a mean of 86 which indicated
patients felt only minimal limitations existed in their post-reconstruction knees.
Calculation of the first section, rating knee symptoms, gave scores averaging
86.6. The study found an inverse relationship among subject's age and
subjective score. As the patient's age increased the score decreased. The
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authors concluded that age seemed to slightly impair the restorative rate of the
patient's perceived functional level. A positive trend was noted between
subjective scores and the number of months following surgery, so as the number
of months since surgery increased the higher the subjective knee scores. (Wilks,
Romaniello, Soscia, Arrigo, & Andrews, 1994). Tibone and Antich (1988)
questioned patients using a combination of the Hospital of Special Surgery knee
evaluation form and a form developed by Jenson et al. (1983). Of 11 patients,
three rated their knees as normal and eight rated their knees as improved. After
reconstructive surgery, the patients rated their knees at 82.75% of their preinjury
level, whereas prior to surgery they rated their knees at only 52.75% of the
preinjury level. Overall, these studies suggest that subjective knee rating scales
may be a way to objectify the patient’s confidence and level of trust of their knee.
KT-1000 Knee Arthrom eter®
The KT-1000® knee arthrometer is one of the most widely used
instruments to quantify anterior laxity of the knee. It measures anterior/posterior
translation of the tibia relative to the femur by monitoring the motion between two
sensor pads. One pad is in contact with the patella and the other with the tibial
tubercle (Wroble, Van Ginkel, G rood, Noyes, & Shaffer, 1990). When the
measurement of anterior laxity is compared with the findings of the subject's
normal knee a difference between sides in the amount of anterior laxity has been
shown to be a sensitive measure of the ACL integrity (Daniel, Stone, Sachs, &
Malcom, 1985).
In order to get accurate and reproducible measurements from the KT1000®, the anteriorly directed force should be directly in line with the vertical bar
on the instrument's handle. The device also needs to be positioned properly
over the joint line (Kowalk, Wojtys, Disher, & Loubert, 1993). The study by
Kowalk et al. (1993) reported an overall mean error of 0.13 mm ±0.12 mm when
KT-1000®, MEDmetric Corp., San Diego, CA
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using this device. Kowalk et a!., (1993) concluded that the KT-1000®
arthrometer could be used to measure a clinically useful range of displacements
accurately and reproducibly. Many studies have established the reliability of the
KT-1000®. Small, Waters, and Voight (1994) found intratester reliability to be
r=0.90 and intertester reliability to be r=0.64. Their findings indicated that the
KT-1000® was reliable when used by one tester. Another study conducted by
Hanton and Pace (1987) showed that correlation coefficients were r=0.83 for
intraexaminer reliability and r=0.85 for interexaminer reliability.
The results from the Highgenboten, Jackson, Jansson, and Meske (1992)
study supported the validity of the KT-1000® for measuring ACL laxity. They
found that ACL deficient knees showed significantly greater anterior laxity
compared to normal knees. A side-to-side difference of greater than 2 mm was
used to indicate abnormal laxity and this provided a high level of diagnostic
sensitivity and a low rate of false positives. The best statistical validity in their
study was found at 30 pounds of force. Daniel et al. (1985) found that 88% of
subjects in a normal population had a right-left difference of less than 2 mm. All
those found to have an ACL injury had at least 3 mm greater anterior laxity over
their normal knee.
Isokinetics vs. Functional Tests vs. Subjective Scores
Many have attempted to establish the relationships between isokinetic
strength and endurance tests, various functional tests, and subjective knee
scores. Results from previous work have been inconclusive. A number of
studies have found either very weak correlations or no correlations between the
variables. One of the first studies to compare isokinetics and function was
performed by Riezebos, Paterson, Hall, & Yuhasz (1983). They compared
maximum knee extension torque at 120 degrees/second to various basketball
skills in 20 female players. Knee extension torque did not appear to be an
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important factor in functional performance. Anderson et al. (1991) compared
isokinetic eccentric and concentric quadriceps femoris and hamstring torques at
60 and 180 degrees/second to the vertical jump, 40 yard dash, and agility run
time in 39 male college athletes. They concluded that there was little, if any,
relationship between quadriceps femoris and hamstring torque and the ability to
perform the three functional tests. Using the Cybex at 60 and 270
degrees/second, Lephart et al. (1992) tested 41 subjects with ACL-deficient
knees. They compared peak torque, torque acceleration energy, and reciprocal
muscle group ratios from the quadriceps femoris and hamstrings to the co
contraction semicircular maneuver, carioca maneuver, and the shuttle run. They
found a weak correlation between the isokinetic quadriceps femoris and
hamstring parameters and function. However, they did find a fair to good
correlation (r=0.49) between the functional tests and subjective scores from the
Iowa Athletic Knee Rating Scale. In another study, which included ACL
reconstruction patients, isokinetic strength of the quadriceps femoris, the onelegged hop, and the vertical jump had weak correlations. The authors also noted
that the correlations were weaker in the involved extremities (Delitto, Irrgang,
Harner, Fu, & Nessi, 1993). Worrell, Borchert, Erner, Fritz, and Leerar (1993)
looked at isokinetics, lateral step-ups, the single hop for distance and single hop
for time and found that as functional improvements were made similar
improvements were not indicated in the isokinetic scores.
Other studies have found positive correlations ranging from fair to good
between isokinetic scores, functional tests and subjective knee scores. One
such study by Miyashita and Kanehisa (1979) found significant correlations
(r=.373 to r=.72S) between isokinetic peak torque of knee extensor muscles and
arm pull muscles and physical performance (running and swimming) in boys and
girls aged 13 to 17. In 39 elite runners, Wiklander and Lysholm (1987) found
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significant correlations between strength of knee flexors and extensors,
especially at 180 degrees/second, and scores on the long jump, five-step jump,
and the vertical jump. Quadriceps femoris correlations ranged from r=0.83 to
0.84 and hamstrings ranged from r=0.61 to 0.77. In 1988, Kannus compared
isokinetic quadriceps femoris and hamstring peak torque to subjective and
functional Lysholm's knee scores. In patients with chronic knee instability peak
torque and total work of quadriceps femoris and hamstrings correlated
significantly with the subjective and functional scores. Strong correlations were
also found by Sachs, Daniel, Stone, and Garfien (1989) between quadriceps
femoris and hamstring strength and the one-legged hop in subjects following
ACL reconstruction. Two studies were conducted using five functional tests: the
one-legged hop, one-legged timed hop, one-legged vertical jump, shuttle run
with pivot, and shuttle run without pivot. The first also used a subjective
questionnaire and isokinetic testing. They found significant relationships between
all of the one-legged tests and subjective limitations. Also they found a strong
correlation between quadriceps femoris peak torque to body weight percentage
deficit scores tested at 60 degrees/second and the one-legged hop (Barber,
Noyes, Mangine, McCloskey, & Hartman, 1990). The second study found
significant relationships between abnormal hop tests and self-assessed
difficulties with pivoting, cutting, and twisting. They also noted significant trends
between the hop tests and low velocity isokinetic testing (Noyes, Barber, &
Mangine, 1991).
The most recent study to note positive relationships between isokinetic
testing, functional testing, and subjective knee scores was performed by Wilk,
Romaniello, Sosch, Arrigo, and Andrews (1994). They compared isokinetic
strength of knee flexors and extensors at 180, 300, and 450 degrees/second, the
hop for distance, timed hop, the cross over triple hop for distance, and a
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subjective knee score in 50 patients following ACL reconstruction. They found
that the subjective knee score had good correlations to knee extensor peak
torque. They also found moderate to good relationships between knee extensor
peak torque at 180 and 300 degrees/second and the three hop tests. They did
not find any correlations between knee flexor isokinetic torque and any of the
functional tests.
Many studies have been done to test for a correlation between isokinetic
strength testing and functional activities. Results are variable and inconclusive,
therefore it appears that more research is needed to establish the validity of
using open chain isokinetic testing to predict closed chain functional
performance.
The purposes of this study are: first, to further investigate the relationship
between knee strength as tested by the Biodex® isokinetic dynamometer and
three functional tests including: single hop for distance, triple hop for distance,
and cross-over hop for distance in post-ACL reconstructed knees; second, to
determine the relationship between the subject's self-assessment of the
condition of their knee and isokinetic and functional test scores; and third to
study the differences in strength and function between the surgical and nonsurgical knees. We hypothesize that there will be a positive and significant
correlation between isokinetically tested knee flexor and extensor strength, the
three functional tests, and the subjective knee score. We also hypothesize that
there will be significant differences between the surgical and non-surgical knees.

Chapter 3
Methods and Materials
Design
This study had a prospective correlational design. Correlational studies do
not attempt to control or manipulate the dependent variables being studied,
instead they measure how they vary in respect to each other (Rodney & Watkins,
1993). This design was used to describe the relationship between isokinetic
strength results and the performance of three functional tests. Correlation
coefficients were used to quantitatively describe the strength and direction of the
relationship found between the variables. Correlational research plays an
important role in clinical research because many treatment effects seen clinically
have a lack of documented evidence to support them. This is crucial in relatively
new fields, such as physical therapy, where little research has been done to
substantiate treatment decisions. Correlational studies also make it possible to
study variables that are beyond the control of the investigators. In these cases,
secondary analyses can provide a great deal of information. Also, correlational
studies "compel us to contemplate the theories that would help explain observed
relationships..." (Fortney & Watkins, 1993).
Subjects
The subjects in this study included 18 males and 27 females age 18 to 50.
All subjects were at least 1-year post, but not greater than 4-years post, anterior
cruciate ligament (ACL) reconstruction surgery using a patellar tendon graft.
Subjects were chosen using a convenience sample. A list of possible subjects
was compiled from Grand Rapids area orthopaedic surgeons and letters were
sent to each individual requesting their participation. The sample consisted of
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those who volunteered to be a part of the study. Participation required the
subjects to attend one 60 minute testing session at the Butterworth
Rehabilitation Center.

Before entering the study the subjects read and signed

the consent form which fully described the details of their participation (see
Appendix A).
Prior to testing, each subject filled out a questionnaire that included items
such as activity levels, medical history, knee pain, swelling, or instability, date of
surgery, post surgical rehabilitation, experience with isokinetics, height, weight,
age, and gender (see Appendix B). All the subjects completed a modified Noyes
subjective knee rating questionnaire which was developed by Wilk, Romaniello,
Socia, Arrigo, and Andrews (see Appendix B). This form was used with
permission from Wilk and colleagues and Noyes and colleagues. The modified
Noyes questionnaire contained two parts. The first section (knee rating scale)
asked specific questions regarding knee symptoms such as pain, swelling, and
stability and specific sport activities including running, jumping, and twisting. The"
second part of the questionnaire (overall composite score) asked the patient to
rate the overall function of their knee on a scale from zero to 100, with 100
representing a perfect score. Also, prior to testing, each subject was screened
by a licensed physical therapist for knee or ankle dysfunction (see Appendix C).
This included a test for excessive anterior laxity of the knee using a KT-1000®
with 20 pounds of force (KT-1000® Manual, 1994). The same therapist
performed the screening for all of the subjects. Subjects 'were excluded from the
study if they met any of the following conditions:
1. if the subject had sustained an injury to the hip, knee, ankle, or back
which has required treatment by a physician within the last 6 months.
2. If the subject Is unable to attain knee range of motion to at least 110
degrees of flexion and within 10 degrees of full extension.
3. If the subject was given a + for any manually performed ligament
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laxity tests.
4. If the subject was given a + for any meniscal test.
5. If the subject's involved knee exhibited anterior laxity >3 mm over the
uninvolved knee as tested by the KT-1000©.
6. If the subject presented with more than minimal edema in either knee.
7. If the subject was given a + for joint line tenderness in either knee.
8. If the subject was or suspected they may be pregnant.
9. If the subject rated their knee < 60 points on the subjective knee
rating scale.
10. If the subject had a history of cardiac or pulmonary problems which
required treatment by a physician.
11. If the subject had been diagnosed with a neuromuscular disorder.
12. If the subject was unable to perform a straight leg raise to at least 65
degrees.
instrumentation
Isokinetic dynamometers are used to measure muscle strength and
endurance through a set range of motion. The isokinetic machine provides a
pre-set constant velocity and allows accommodating resistance so that subjects’
maximal effort throughout the range of motion can be measured (Klopfer & Greij,
1988). The Biodex® isokinetic dynamometer was used to determine average
power/body weight, mean torque/body weight, and total work/body weight for
both knee flexors and extensors of the subject's right and left knees.
Previous studies established the reliability of such parameters as peak
torque, total work, and average power. From these studies, the Biodex® was
found to have a high level of reliability in measurements of muscular
performance (Klopfer & Greij, 1988; Feiring, Ellenbecker, & Derscheid, 1990;
Johnson & Levine, 1988).
Three tests were used to assess functional performance of the lower
extremities. Hop tests were chosen because they can be performed easily in the
clinic, they require minimal time, and the opposite limb can be used as a control
(Noyes, Barber, & Mangine, 1991).
The single hop for distance can be used to confirm abnormal limb
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symmetry. A study by Barber, Noyes, Mangine, McCloskey, and Hartman (1990)
found that the single hop reliably determined lower extremity functional
limitations in ACL deficient knees. In another study, single hop test scores were
found to be reliable as long as at least two test repetitions were taken and
averaged (Worrell, Borchert, Erner, Fritz, & Leerar, 1993). This test required a 6meter strip of tape on the floor and a tape measure.
The triple hop for distance has been found to be a good assessment of
functional stability in the ACL involved leg (Risberg & Ekeland, 1994). This test
required a 6-meter strip of tape on the floor and a tape measure.
The cross over hop for distance has been reported to be one of the most
sensitive functional tests and one of the best indicators of function (Wilk,
Romaniello, Soscia, Arrigo, & Andrews, 1994). This test can be used to confirm
abnormal limb symmetry after ACL injury (Noyes et al., 1991). The test required
a 15-centimeter wide, 6-meter long strip of tape on the floor and a tape measure.
Methods
Prior to testing, subjects completed a 5 minute warm-up session on a
stationary bicycle. Self-stretching of the following muscles was performed
bilaterally: hamstrings, quadriceps femoris, gastrocnemius, and soleus. The
stretches were performed three times for 30 seconds each (see Appendix H).
Subjects randomly drew for the station they would visit first, the isokinetic
or the functional test station. Randomized drawing was also used to decide the
order of performance of the functional tests. In accordance with common clinical
practice, the uninvolved extremity was tested first for all tests.
In an attempt to provide as much control as possible in the Biodex®
testing procedure, every subject underwent testing by the same investigator and
was given identical instructions (see Appendix F). The isokinetic dynamometer
was calibrated before every testing session, subjects received no visual or verbal
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encouragement during the test period, and all subjects were tested following the
same protocol. Each test was done in the same order from slower to higher
speeds. In order to test the quadriceps femoris and the hamstring muscles with
subjects minimizing substitution, stabilization straps were placed firmly across
the pelvis and chest and over the thigh. Subjects were instructed to place their
arms crossed over their chest throughout the testing procedure. The shin pad
was placed 4 inches proximal to the medial malleolus in an effort to minimize
anterior displacement of the tibia on the femur which is known to occur with
maximal knee extension efforts. The axis of rotation of the dynamometer was
aligned as closely as possible to the approximate axis of rotation of the
tibiofemoral joint at the femoral condyles. Range of motion of the knee was
limited from zero (or full extension for those who might lack terminal extension)
to 100 degrees of flexion for all subjects in order to control for total angular
motion. To insure safety, the subjects were instructed on how to stop the test if
they experienced any difficulties during testing.
The Biodex® testing protocol consisted of warm-up repetitions in order to
familiarize subjects with the speed and resistance, testing repetitions in order to
collect data, and standardized rest periods in an attempt to avoid muscle fatigue.
At each of the three test speeds, 180, 300, and 450 degrees/second,
subjects performed a warm-up consisting of three submaximal and three
maximal repetitions followed by 10 maximal test repetitions. Standardized rest
periods included: 30 seconds following the warm-up repetitions, 60 seconds
between each test speed, 2 minutes prior to the testing of the opposite leg, and 5
minutes between the isokinetic and functional tests.
Functional tests included the single hop for distance, the triple hop for
distance, and the cross over hop for distance. All tests were administered by the
same investigator and standardized instructions were given to all subjects (see
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Appendix D). To insure subject safety, the investigator remained within an arm's
reach of the subject throughout the functional testing.
The single hop for distance was performed to determine how far the
subject could hop in a single hop on one leg. Prior to testing the investigator
demonstrated the test. Subjects were instructed to stand with their toes at the
end of a 6-meter strip of tape on the floor. They were instructed to stand on one
leg and to hop forward as far as possible. The distance was measured from the
end of the tape to the back of the subject's foot.
The triple hop for distance was performed to measure the total distance
hopped in three consecutive hops on a single leg. Prior to testing the
investigator demonstrated the test. Subjects were instructed to stand with their
toes at the end of a 6-meter strip of tape on the floor. They were instructed to
stand on one leg and hop forward three times as far as possible. The distance
was measured from the end of the tape to the back of the subject's foot after the
last hop.
The cross over hop for distance was performed to measure the total
distance hopped in three consecutive hops on one leg crossing over a 15centimeter strip of tape with each hop. Prior to testing the investigator
demonstrated the test. Subjects were instructed to stand with their toes at the
end and to the side of a 15-centimeter wide and 6-meter long strip of tape on the
floor. They were instructed to stand on one leg and hop fonward three times as
far as possible while crossing over the tape with each hop. The distance was
measured from the end of the tape to the back of the subject's foot on the last
hop.
In order for any of the functional test trials to be counted the subject had
to land firmly on one foot without taking an extra hop or touching any other
extremity to the floor in an attempt to keep their balance. In addition, with the
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cross-over hop, the foot could not touch either side of the tape strip with any hop.
For each leg of each test, subjects were given two opportunities to practice
before being tested. All subjects completed three test trials and the best one
was counted. The subjects were given a 30-second rest period between tests
using alternate legs during each test.
Data Analysis
Functional test data were recorded on a data collection sheet (see
Appendix E). The best score of the three trials of each hop test was recorded.
In order to improve the validity of comparing these scores among subjects, the
data were normalized by dividing the distance jumped by the subject's height.
Isokinetic testing data were prepared by the Biodex® software package.
Mean torque/body weight, average power/body weight, and total work/body
weight for knee flexors and extensors at each speed was calculated and
recorded on the data collection sheet (see Appendix G).
Statistical analysis was completed using SPSS for Windows. To
determine the differences between surgical and non-surgical lower extremity
scores on strength and functional performance tests, paired t-tests were used.
P-values of less than .05 were considered statistically significant. Pearson
product-moment correlation coefficients were used to determine the relationship
between the normalized functional hop test scores and isokinetic values for knee
flexors and extensors. The Spearman rank correlation coefficients were used to
determine the relationships between the subject's self-assessment knee score
and both the isokinetic values and normalized functional hop test scores.
Correlation coefficients were interpreted as follows: r=0.00 to 0.25 indicated little
or no correlation, r=0.25 to 0.50 indicated fair correlation, r=0.50 to 0.75
indicated moderate to good correlation, and r=0.75 or above indicated an
excellent correlation (Portney & Watkins, 1993).

Chapter 4
Results
The purposes of this study were to: first, investigate, in post-ACL
reconstructed knees, the relationship between quadriceps femoris and
hamstring strength, as tested by the Biodex® isokinetic dynamometer, and three
functional tests (single hop for distance, triple hop for distance, and cross-over
hop for distance); second, to determine the relationship between the subjects'
self-assessment of the condition of their knee and isokinetic and functional test
scores; and third, to study the differences in strength and function between the
surgical (SUR) and non-surgical knees (NSUR). The authors hypothesized that
there would be a positive and statistically significant correlation between
isokinetically tested knee flexor and extensor strength, three functional tests, and
the subjective knee scores. The authors also hypothesized that there would be
significant strength and functional differences between the SUR and NSUR
knees.
The subjects of this study included 18 males and 27 females ranging in
age from 18 to 45 years old. All had ACL reconstructive surgery using patellar
tendon grafts between 12 and 48 months prior to participation in the study. See
Tables 4.1 and 4.2 for full subject demographic information.
Tables 4.3 and 4.4 list demographic statistics for all subjects' hop test
indices and normalized isokinetic strength values. All hop test indices are given
as a ratio of the distance the subject hopped divided by the subject's height. All
isokinetic values are given as the strength score divided by the subject's weight.
Isokinetic ratios were then multiplied by 100 and expressed as a percentage.

27

28

There were significant differences (p<.05) between the SUR and NSUR limbs for
the isokinetic strength tests at 180, 300, and 450°/second and for the single,
triple, and cross-over hop tests (see Table 4.5). Since there were significant
differences between the SUR and NSUR limbs, correlations between the
functional hop tests and the isokinetic strength data were calculated separately
for the NSUR and SUR knees.
Significant differences were also found between the subject's ratings of
their knee on the subjective knee rating scale and their overall composite score
(0 to 100). The subjective knee rating scale asked subjects to rate their postsurgical knee in a variety of areas including symptoms, such as pain and
swelling, and function in work and recreational activities. When added, there
were 100 points possible. The average additive score was 89.27 with a range of
70 to 100 points. Subjects were also asked to give their knee an overall
composite score. This number, between 0 and 100, was chosen by the subject
as a representation of the overall condition of their knee at the time of testing as
compared to its condition prior to injury. Subjects gave their knees an average
score of 84.91 with a range of 40 to 100. The mean difference between the two
ratings was -4.36, the standard deviation was 8.07, and the p-value was 0.001.
Because there was a significant difference between the two values, their
correlations to the isokinetic strength scores and the hop test indices were
calculated separately.
Table 4.6 shows the correlations betv/een the single hop index and the
isokinetic values. SUR knee single hop indices demonstrated moderate to good
correlations (r=0.50 to 0.75) with isokinetic knee extension values at 180, 300,
and 450°/second and with knee flexion values at 180 and 300°/second. The
SUR single hop had fair correlations (r=0.25 to 0.50) with isokinetic knee flexion
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values at 450°/second. NSUR single hop indices had a moderate to good
correlation ( r= 0.50 to 0.75) to all isokinetic values.
Correlation between the triple hop indices and the isokinetic values are
given in Table 4.7. SUR knee triple hop indices had moderate to good
correlations with all knee extension values except total work/ body weight at 180°
/second which had a fair correlation (r= 0.25 to 0.50). SUR knee triple hop
correlations were moderate to good with knee flexion values at 180°/second.
The SUR knee triple hop correlations with knee flexion values at 300°/second
and 450°/second were all fair. NSUR triple hop indices had moderate to good
correlations to all isokinetic values except for the following, which all had fair
correlations: flexion mean torque/body weight at 180°/second, flexion total
work/body weight at 300°/second, and all flexion values at 450°/second.
The relationships between the cross-over hop for distance and various
isokinetic values are listed in Table 4.8. The SUR knee cross-over hop indices
all had moderate to good correlations with isokinetic values except for all of the
flexion values at 450°/second, which had fair correlations. NSUR cross-over hop
indices had moderate to good correlations to isokinetic strength except for fair
correlations with mean torque/body weight for flexion at 300°/second and 450°
/second and for extension at 450°/second.
Spearman rank correlation coefficients were computed (see Tables 4.9
and 4.10) to assess the relationships among the subjective knee rating scores
and isokinetic strength and functional hop test data. The knee rating scale
number had little to no correlation with any hop tests or isokinetic values, except
fair correlation with extension mean torque/body weight at 450°/second. The
subjects' self-rated score on the scale of 0 to 100 had little to no correlation with
any hop tests or isokinetic values.
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Table 4.1 Demographic Descriptive Statistics - A ll Subjects

Variable
All(n=45)
Age
Height (In)
Weight (lbs)
Months post
surgery
Subjective
(0-100)
Knee Rating
Scale

Mean

Std Dev

Minimum

Maximum

29.84
66.78
167.00
27.96

7.28
4.32
38.15
10.05

18.00
60.00
105.00
13.00

45.00
76.00
271.00
48.00

84.91

10.46

40.00

100.00

89.27

7.47

70.00

100.00

Table 4.2 Demographic Descriptive Statistics - Males, Females

Variable
Male(n=18)
Age
Height
Weight

Mean

Std Dev

Minimum

Maximum

31.89
70.25
190.89

7.81
2.53
37.49

19.00
65.00
145.00

45.00
76.00
271.00

Female(n=27)
Age
Height
Weight

28.48
64.46
152.07

6.71
3.67
30.29

18.00
60.00
105.00

42.00
72.00
230.00
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Table 4.3 Descriptive Statistics o f the Hop Test Indices - A ll Subjects

Variable

Mean

Std Dev

Minimum

Maximum

All (n=45)
NSH
SSH
NTH
STH
NCOH
SCOH

.81
.75
2.52
2.37
2.13
1.97

.19
.20
.56
.57
.57
.59

.30
.26
1.02
1.10
.95
.79

1.33
1.30
4.02
3.46
3.95
3.94

NSH =N SU R single hop distance/height
SSH =S U R single hop distance/height
NTH =N SU R triple hop distance/height

STH =S U R triple hop distance/height
N C O H =N S U R cross-over hop distance/height
SC O H =S U R cross-over hop distance/height
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Table 4.4 Descriptive Statistics of the Isokinetic Strength Values
All Subjects

Variable
Surgical
1807sec,
1807sec,
1807sec,
1807sec,
1807sec,
1807sec,
3007sec,
3007sec,
3007sec,
3007sec,
3007sec,
300°/sec,
4507sec,
4507sec,
4507sec,
4507sec,
4507sec,
4507sec,

knee ext (M T/B W )
knee ext (AP/BW )
knee ext (TW /B W )
knee flex (M T/B W )
knee flex (AP/BW )
knee flex (TW /B W )
knee ext (M T/B W )
knee ext (AP/BW )
knee ext (TW /B W )
knee flex (M T/B W )
knee flex (AP/BW )
knee flex (TW /B W )
knee ext (M T/B W )
knee ext (AP/BW )
knee ext (TW /B W )
knee flex (M T/B W )
knee flex (AP/BW )
knee flex (TW /B W )

Mean

Std Dev

Minimum

Maximum

44.26
132.40
461.54
28.91
83.61
322.78
34.32
135.99
353.41
26.72
88.10
248.22
30.33
129.93
287.48
26.82
82.07
194.15

10.63
36.35
154.56
5.96
24.45
88.13
7.56
39.35
102.93
4.62
26.17
68.03
5.40
43.07
87.80
4.52
30.26
63.72

18.13
44.69
62.34
15.94
28.08
125.57
15.63
52.29
104.22
17.29
35.26
109.03
10.90
46.41
88.28
16.22
26.11
64.86

71.38
234.48
898.21
43.15
146.78
527.79
49.45
237.05
613.52
37.12
165.21
404.11
40.90
242.69
520.48
34.75
164.18
326.37

48.73
142.82
534.16
28.53
84.13
331.05
36.23
146.02
392.52
26.36
88.76
254.26
30.29
138.09
311.54
26.37
82.79
196.70

11.02
40.10
148.19
6.81
27.39
98.93
8.16
43.13
112.88
4.59
28.34
68.61
5.83
47.00
90.42
4.62
31.99
60.62

20.05
40.68
149.64
14.32
32.60
142.06
10.16
33.13
68.23
14.17
29.93
115.89
6.51
22.14
46.88
14.00
19.35
63.72

75.59
235.89
872.55
45.72
158.69
572.41
52.83
249.32
627.72
35.25
145.17
399.51
40.00
253.90
489.93
36.67
162.19
315.61

Non-Surgical
1807sec,
1807sec,
1807sec,
1807sec,
1807sec,
180°/sec,
300°/sec,
3007sec,
3007sec,
3007sec,
3007sec,
3007sec,
4507sec,
4507sec,
4507sec,
4507sec,
4507sec,
4507sec,

knee ext (M T/B W )
knee ext (AP/BW )
knee ext (TW /B W )
knee flex (M T/B W )
knee flex (AP/BW )
knee flex (TW /B W )
knee ext (M T/B W )
knee ext (AP/BW )
knee ext (TW /B W )
knee flex (M T/B W )
knee flex (AP/BW )
knee flex (TW /B W )
knee ext (M T/B W )
knee ext (AP/B'/V)
knee ext (TW /B W )
knee flex (M T/B W )
knee flex (AP/BW )
knee flex (TW /B W )

knee ext = knee extension (quadriceps femoris) (M T/BW ) = mean torque/body weight (%
knee flex = knee flexion (hamstrings)
(AP/BW ) = average power/body weight (%
(TW /B W ) = total work/body weight (%)
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Table 4.5 Paired T-tests fo r Mean Differences Between Surgical and NonSurgical Data (n=45)

Knee extension (MT/BW)
Knee extension (AP/BW)
Knee extension (TW/BW)
Knee flexion (MT/BW)
Knee flexion (AP/BW)
Knee flexion (TW/BW)

Mean
4.47
10.42
72.62
-0.38
0.52
8.28

Std Dev
5.67
23.54
111.49
4.23
17.50
53.19

T-value
5.29
2.97
4.37
-0.60
0.20
1.04

p-value
0.000
0.005
0.000
0.551
0.843
0.302

300°/sec,
300°/sec,
300°/sec,
300°/sec,
300°/sec,
300°/sec,

Knee extension (MT/BW)
Knee extension (AP/BW)
Knee extension (TW/BW)
Knee flexion (MT/BW)
Knee flexion (AP/BW)
Knee flexion (TW/BW)

1.91
10.03
39.11
-0.36
0.67
6.03

4.00
20.93
57.47
2.71
14.72
33.95

3.21
3.22
4.57
-0.89
0.30
1.19

0.002
0.002
0.000
0.379
0.763
0.240

450°/sec,
450°/sec,
450°/sec,
450°/sec,
450°/sec,
450°/sec,

Knee extension (MT/BW)
Knee extension (AP/BW)
Knee extension (TW/BW)
Knee flexion (MT/BW)
Knee flexion (AP/BW)
Knee flexion (TW/BW)

-0.03
8.16
24.06
-0.45
0.72
2.55

3.45
23.70
47.24
2.20
17.35
29.52

-0.06
2.31
3.42
-1.38
0.28
0.58

0.950
0.026
0.001
0.174
0.782
0.565

0.06
0.15
0.16

0.11
0.27
0.25

3.73
3.86
4.34

0.001
0.000
0.000

Variable
180°/sec,
180°/sec,
180°/sec,
180°/sec,
180°/sec,
180°/sec,

Single Hop Index
Triple Hop Index
Cross-Over Hop Index

M T/B W = mean torque/body weight (%)
AP/B W = average power/body weight (%)
TW /B W = total work/body weight (% )
Hop Index = distance hopped/body height
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Table 4.6 Pearson product Moment Correlations Between the Single Hop
Indices and the Isokinetic Strength Values
Variables
Surgical
SH to 180°/sec, extension (MT/BW )
SH to 180°/sec, extension (AP/BW)
SH to 180°/sec, extension (TW /BW )
SH to 180°/sec, flexion (MT/BW )
SH to 180°/sec, flexion (AP/BW)
SH to 180°/sec, flexion (TW /BW )
SH to 300°/sec, extension (MT/BW )
SH to 300°/sec, extension (AP/BW)
SH to 300°/sec, extension (TW /BW )
SH to 300°/sec, flexion (MT/BW )
SH to 300°/sec, flexion (AP/BW)
SH to 300°/sec, flexion (TW /BW )
SH to 450°/sec, extension (MT/BW )
SH to 450°/sec, extension (AP/BW)
SH to 450°/sec, extension (TW /BW )
SH to 450°/sec, flexion (MT/BW )
SH to 450°/sec, flexion (AP/BW)
SH to 450°/sec, flexion (TW /BW )

Correlation Coefficient
0.7266
0.6771
0.5588
0.6383
0.6006
0.6411
0.6626
0.6723
0.6548
0.5196
0.5138
0.5287
0.5961
0.6449
0.6426
0.4177
0.4170
0.4274

Non-surgical
SH to 180°/sec, extension (MT/BW )
SH to 1807sec, extension (AP/BW)
SH to 1807sec, extension (TW /BW )
SH to 1807sec, flexion (MT/BW )
SH to 1807sec, flexion (AP/BW)
SH to 1807sec, flexion (TW /BW )
SH to 3007sec, extension (MT/BW )
SH to 3007sec, extension (AP/BW)
SH to 3007sec, extension (TW /BW )
SH to 3007sec, flexion (MT/BW )
SH to 300°/sec, flexion (AP/BW)
SH to 3007sec, flexion (TW /BW )
SH to 4507sec, extension (MT/BW )
SH to 450°/sec, extension (AP/BW)
SH to 4507sec, extension (TW /BW )
SH to 4507sec, flexion (MT/BW )
SH to 4507sec, flexion (AP/BW)
SH to 4507sec, flexion (TW /BW )

M T/B W = mean torque/body weight (%)
A P/B W = average power/body weight (%)
T W /B W = total work/body weight (%)
SH = single hop, distance hopped/body height

0.7366
0.7021
0.7228
0.6067
0.6471
0.6494
0.6915
0.7161
0.7200
0.5821
0.5600
0.6284
0.6157
0.6731
0.6858
0.5445
0.5742
0.5182
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Table 4.7 Pearson Product Moment Correlations Between the Triple Hop
Indices and the Isokinetic Strength Values
Variables
Surgical
TH to 180°/sec, extension (M T/BW )
TH to 180°/sec, extension (AP/BW )
TH to 180°/sec, extension (TW /BW )
TH to 180°/sec, flexion (MT/BW )
TH to 180°/sec, flexion (AP/BW)
TH to 180°/sec, flexion (TW /BW )
TH to 300°/sec, extension (M T/BW )
TH to 300°/sec, extension (AP/BW )
TH to 300°/sec, extension (TW /B W )
TH to 300°/sec, flexion (MT/BW )
TH to 3 0 0 “/sec, flexion (AP/BW)
TH to 300°/sec, flexion (TW /BW )
TH to 450°/sec, extension (M T/BW )
TH to 450°/sec, extension (AP/BW )
TH to 450°/sec, extension (TW /BW )
TH to 450°/sec, flexion (MT/BW )
TH to 450°/sec, flexion (AP/BW)
TH to 450°/sec, flexion (TW /BW )

Correlation Coefficient
0.6797
0.6236
0.4447
0.5743
0.5638
0.5158
0.5837
0.5960
0.5351
0.4297
0.4290
0.3825
0.5025
0.5474
0.5106
0.3600
0.3067
0.2746

Non-surgical
TH to 180°/sec, extension (M T/BW )
TH to 180°/sec, extension (AP/BW )
TH to 180°/sec, extension (TW /B W )
TH to 180°/sec, flexion (MT/BW )
TH to 180°/sec, flexion (AP/BW)
TH to 180°/sec, flexion (TW /BW )
TH to 300°/sec, extension (M T/B W )
TH to 300°/sec, extension (AP/BW )
TH to 300°/sec, extension (TW /BW )
TH to 300°/sec, flexion (MT/BW )
TH to 300°/sec, flexion (AP/BW)
TH to 300°/sec, flexion (TW /BW )
TH to 450°/sec, extension (M T/B W )
TH to 450°/sec, extension (AP/BW )
TH to 450°/sec, extension (TW /B W )
TH to 4 5 0 “/sec, flexion (MT/BW )
TH to 450°/sec, flexion (AP/BW)
TH to 450°/sec, flexion (TW /BW )

M T/BW = mean torque/body weight (% )
A P/BW = average power/body weight (% )
TW /BW = total work/body weight (% )
TH = triple hop, distance hopped/body height

0.6967
0.6722
0.6882
0.4725
0.5096
0.5376
0.6764
0.6791
0.6692
0.5138
0.5170
0.4976
0.5517
0.6388
0.6329
0.4769
0.4726
0.4259
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Table 4.8 Pearson Product Moment Correlations Between the Cross-Over
Hop Indices and the Isokinetic Strength Values
Variables
Surgical
COM
COM
COM
COM
COM
COM
COM
COM
COH
COM
COH
COH
COH
COH
COH
COH
COH
COH

to 180°/sec,
to 180°/sec,
to 180°/sec,
to 180°/sec,
to 180°/sec,
to 180°/sec,
to 300°/sec,
to 300°/sec,
to 300°/sec,
to 300°/sec,
to 300°/sec,
to 300°/sec,
to 450°/sec,
to 450°/sec,
to 450°/sec,
to 450°/sec,
to 450°/sec,
to 450°/sec,

Correlation Coefficient
extension (M T/BW )
extension (AP/BW )
extension (TW /BW )
flexion (M T/BW )
flexion (AP/BW )
flexion (TW /BW )
extension (MT/BW )
extension (AP/BW)
extension (TW /BW )
flexion (M T/B W )
flexion (AP/BW )
flexion (TW /B W )
extension (MT/BW )
extension (AP/BW)
extension (TW /BW )
flexion (M T/B W )
flexion (AP/BW )
flexion (TW /BW )

0.6948
0.6636
0.5231
0.6271
0.6081
0.6145
0.6423
0.6377
0.6231
0.5086
0.5085
0.5130
0.5938
0.6288
0.6246
0.4004
0.4203
0.4264

to 180°/sec, extension (MT/BW )
to 180°/sec, extension (AP/BW)
to 180°/sec, extension (TW /BW )
to 180°/sec, flexion (M T/B W )
to 180°/sec, flexion (AP/BW)
to 180°/sec, flexion (TW /BW )
to 300°/sec, extension (M T/BW )
to 300°/sec, extension (AP/BW )
to 300°/sec, extension (TW /BW )
to 300°/sec, flexion (M T/BW )
to 300°/sec, flexion (AP/BW)
to 300°/sec, flexion (TW /BW )
to 450°/sec, extension (MT/BW )
to 450°/sec, extension (AP/BW)
to 450°/sec, extension (TW /BW )
to 450°/sec, flexion (M T/B W )
to 450°/sec, flexion (AP/BW)
to 450°/sec, flexion (TW /BW )

0.7332
0.6931
0.7199
0.5194
0.6107
0.6058
0.6749
0.7253
0.7016
0.4904
0.6058
0.6247
0.4637
0.6881
0.6647
0.3849
0.5623
0.5143

Non-surgical
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH
COH

M T/BW = mean torque/body weight (%)
AP/BW = average power/body weight (%)
TW /B W = total work/body weight (%)
COM = cross-over hop, distance hopped/body height
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Table 4.9 Spearman Rank Correlations Between the Subjective Knee
Rating Scale (additive score), the Hop Indices, and the Isokinetic
Strength Values

Variable
Single hop
Triple hop
Cross-over hop
180°/sec, extension (MT/BW)
180°/sec, extension (AP/BW)
180°/sec, extension (TW/BW)
180°/sec, flexion (MT/BW)
180°/sec, flexion (AP/BW)
180°/sec, flexion (TW/BW)
3007sec, extension (MT/BW)
3007sec, extension (AP/BW)
3007sec, extension (TW/BW)
3007sec, flexion (MT/BW)
3007sec, flexion (AP/BW)
3007sec, flexion (TW/BW)
4507sec, extension (MT/BW)
4507sec, extension (AP/BW)
4507sec, extension (TW/BW)
4507sec, flexion (MT/BW)
450°/sec, flexion (AP/BW)
4507sec, flexion (TW/BW)

M T/BW = mean torque/body weight (%)
A P/BW = average power/body weight (%)
TW /BW = total work/body weight (%)

Correlation Coefficient
0.1110
-0.0413
0.0389
-0.0440
-0.0417
-0.0433
-0.0623
-0.0441
0.0112
0.0573
0.0276
0.0863
-0.0067
-0.1407
0.0116
0.2915
0.0634
0.1560
0.1479
-0.0582
0.0434
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Table 4.10 Spearman Rank Correlations Between the Subjective
Composite Scores (0-100), the Hop Indices, and the Isokinetic
Strength Values

Variable
Single hop
Triple hop
Cross-over hop
180°/sec, extension (MT/BW)
180°/sec, extension (AP/BW)
180°/sec, extension (TW/BW)
180°/sec, flexion (MT/BW)
180°/sec, flexion (AP/BW)
180°/sec, flexion (TW/BW)
300°/sec, extension (MT/BW)
300°/sec, extension (AP/BW)
300°/sec, extension (TW/BW)
300°/sec, flexion (MT/BW)
300°/sec, flexion (AP/BW)
300°/sec, flexion (TW/BW)
450°/sec, extension (MT/BW)
450°/sec, extension (AP/BW)
450°/sec, extension (TW/BW)
450°/sec, flexion (MT/BW)
450°/sec, flexion (AP/BW)
450°/sec, flexion (TW/BW)

M T/BW = mean torque/body weight (% )
A P/B W = average power/body weight (%)
T W /B W = total work/body weight (%)

Correlation Coefficient
0.1225
0.0869
0.0640
-0.0108
-0.0073
-0.0476
-0.1750
0.0428
0.0095
0.0165
0.0733
0.0687
-0.2027
-0.0708
0.0011
-0.0314
0.0798
0.0942
-0.0690
-0.0233
0.0022

Chapter 5
Discussion and implications
Interpretation of Statistical Outcomes
The relationships among isokinetic strength variables and hop test indices
between the surgical and the non-surgical limbs were studied. There was a
moderate to good correlation (r= 0.51 to 0.73) between knee extension strength
values at 180, 300, and 450°/second and knee flexor strength values at 180 and
300°/second and the single hop for distance index on the surgical extremity.
Surgical single hop for distance had fair correlation (r= 0.42 to 0.43) with knee
flexion values at 450°/second. On the non-surgical side, moderate to good
correlations, ranging from r=0.52 to 0.74, existed. There were stronger
relationships between knee extension and hop tests, than were found for knee
flexion. At 180°/second r- values ranged from 0.61 to 0.74, at 300°/second
values ranged from r= 0.56 to 0.72, and at 450°/second values ranged from r=
0.52 to 0.69.
The correlation coefficients for the triple hop compared to isokinetic
strength values were similar for the surgical and the non-surgical limbs. On the
surgical side all extension values at all three isokinetic speeds showed a
moderate to good correlation to the triple hop indices ranging from r= 0.50 to
0.68, except for 180°/second extension total work/body weight (r=0.44).
Isokinetic flexion values demonstrated a moderate to good correlation at
180°/second (r= 0.52 to 0.57), and a fair correlation at 300°/second (r=0.38 to
0.43) and 450°/second (r=0.27 to 0.36). On the non-surgical side all the
isokinetic extension values showed a moderate to good correlation to the triple
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hop indices ranging from r= 0.55 to 0.70. All flexion values had a fair to
moderate correlation (r= 0.43 to 0.54).
Similar correlational values were found for both the surgical and the nonsurgical limbs when correlating isokinetic values to the cross-over hop for
distance. On the surgical side all the extension values at all test speeds
demonstrated a moderate to good correlation (r= 0.52 to 0.69). Isokinetic flexion
values at 180 (r= 0.61 to 0.63) and 300°/second (r= 0.51) and functional test
scores had a moderate to good correlation.

Flexion isokinetic values at

450°/second and hop test indices had only a fair correlation (r=0.40 to 0.43). On
the non-surgical side all isokinetic extension values had a moderate to good
correlation ranging from 0.67 to 0.73, except for 450°/second extension mean
torque/body weight which showed a correlation of r=0.46. All isokinetic flexion
values demonstrated a moderate to good correlation ranging from r= 0.51 to
0.62, except flexion mean torque/body weight at 300°/second (r= 0.49) and at
450°/second (r= 0.38).
Consistent with Wilk et al. (1994) and Brinks et al. (1995), the current
study found that overall isokinetic knee extensor values had higher correlations
to functional test values than knee flexor values. The authors hypothesize, as
did Brinks et al. (1995), that this may be explained by the fact that closed kinetic
chain functional hop tests require the quadriceps femoris and the hamstrings
work both concentrically and eccentrically. The quadriceps primary action is to
concentrically propel the body up and forward, while secondarily acting as an
eccentric controller of the knee flexion moment caused by the body's forward
motion. The hamstrings primary action is to eccentrically control the hip flexion
moment from the body's forward momentum. As a seconary action, the
hamstrings also play a part in propelling the body up and forward with concentric
hip extension. As the quadriceps femoris primary action is concentric while the
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hamstrings primary action is eccentric, it follows that the quadriceps will correlate
better than the hamstrings with concentric isokinetic test parameters.
In this study the authors were also looking for differences between the
surgical and non-surgical limbs for the isokinetic variables as well as the hop test
indices. No significant differences were found between the surgical and nonsurgical hamstrings for measures of mean torque/body weight, average
power/body weight, and total work/body weight at 180, 300, and 450°/second as
tested by the Biodex® isokinetic dynamometer. On the other hand, significant
differences were found between the surgical and non-surgical quadriceps
femoris for all of the same variables and the same speeds with the exception of
mean torque/body weight at 450°/second. These results indicate that hamstring
strength return following ACL reconstruction appears to be faster and more
complete than for the quadriceps femoris as compared to the non-surgical limb.
A possible reason for this difference may be due to the excision of the central
one-third of the patellar tendon for an ACL graft. Rosenberg, et al. (1992),
compared the extensor mechanism of the non-surgical limb to the surgical limb
in individuals with ACL reconstruction, in which the patellar tendon graft was
used. They found a significant decrease in isokinetic strength and functional
performance in the quadriceps femoris of the involved extremity and little to no
difference in hamstring strength between the two extremities. Sachs, et al.
(1989) reported similar findings. They tested the isokinetic strength of 17
subjects that had undergone ACL reconstruction using the patellar tendon and
15 subjects that had undergone ACL reconstruction using a hamstring graft.
Mean quadriceps femoris strength was 71.5% for those with a patellar tendon
graft and 82.5% for those with a hamstring graft. From these results it appears
that the graft source plays a role in recovery of quadriceps strength. Some ACL
protocols focus on hamstring strengthening because of their role in helping
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control anterior translation of the tibia. This may also play a role in hamstring
strength returning faster than quadriceps femoris strength. Giove et al. (1983),
suggested that the strength of the hamstring musculature played an important
role in dynamic control of anterior tibial translation in ACL deficient knees.
Another reason for the difference in strength return between the quadriceps and
the hamstrings may be due to the inability to achieve terminal extension range of
motion. Subjects in the current study were allowed up to a 10 degree deficit from
full extension. A study by DeCarlo, et al. (1992), suggested that full and quick
return of terminal knee extension was related to quicker return of quadriceps
femoris strength. Therefore, individuals with extension range of motion deficits
may not have as quick of a return of quadriceps femoris strength compared to
those who have recovered full terminal knee extension.
The single hop, triple hop and cross-over hop indices demonstrated a
significant deficit on the surgical lower extremity. These results indicate that the
single hop for distance, the triple hop for distance, and the cross-over hop for
distance seem to be sensitive in detecting functional asymmetries following ACL
reconstruction. These functional hop tests appear to challenge the subject's
confidence, balance, kinesthetic awareness, stability, and ability to control lateral
movements. A possibility for remaining proprioception or kinesthetic awareness
deficits may be contributed to the damage of the nerve supply to the once intact
ACL. Campbell (1990) described that the nerve supply to the ACL is provided by
fibers of the posterior articular branch of the posterior tibial nerve. These nerve
fibers relay proprioceptive and kinesthetic information produced by Ruffini and
Pacinian mechanoreceptors. The mechanoreceptors provide information
regarding tension of the ACL and motion of the knee joint. Because the
damaged ACL is removed and surgically replaced with a section of the patellar
tendon, the nerve fibers that carry proprioceptive information are disrupted which
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could result in less kinesthetic awareness at the knee joint. Proprioception
deficits may also occur secondary to damage to ligaments other than the ACL,
since it has been shown that isolated ACL injuries rarely occur.
Subjective knee ratings were obtained in two ways. First, subjects were
asked to complete the knee rating scale, which included questions concerning
current knee symptoms and functional status. Each response was given a
specific point value and these were added to give a total knee rating scale score
(KRS). Subjects were also asked to give an overall composite rating of their
knee on a scale of 0 to 100 as compared to its preinjury status. The average of
the KRS values was 89.27 out of 100 with a range of 70 to 100. The overall
composite score average was 84.91 with a range of 40 to 100. The difference
between these two ratings showed that subjects rated their knees higher on the
more objective scale. This may indicate some deficits may remain due to the
subject's lack of confidence in their post-surgical knee.
There was a significant difference between the knee rating scale scores
and the overall composite ratings. Therefore, the Spearman rank correlation
coefficient test was performed on both of these scores independently to look at
their relationship to the strength and functional measures. There was little to no
correlation (r= 0.01 to 0.16) between the KRS score and the isokinetic values
except for 450°/second extension mean torque/body weight which had a fair
correlation (r= 0.29). Little to no correlation was also found among all of the hop
tests and the KRS scores (r= 0.04 to 0.16). Little to no correlation was found
when comparing the subjective overall composite scores to the isokinetic values
and the hop indices (r= 0.00 to 0.20). The authors propose that little to no
correlation was evident secondary to the subjects' varying perceptions of their
knee function. Some may have underestimated while others overestimated the
functional ability of their reconstructed knee. This is probably because all of their
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activities, symptoms, confidence, motivation, and experiences all play a role in
their assessment of their return following reconstructive surgery. These results
show that while subjective knee questionnaires may provide clinicians with
information regarding a patient's confidence in their knee, they should not be
used as indicators of knee function.
Comparison of Results to Other Studies
Only one previous study, by Brinks, DeLong, and Stout (1995), used
means or averages of Biodex® variables and also normalized isokinetic data to
body weight and hop distances to subject height. Other studies used peak
torque, torque acceleration energy, and total work and did not take body weight
into account. In agreement with Brinks and colleagues this present study found
that, overall, knee extensor strength correlated to function better than flexors.
For the cross-over hop and triple hop their correlations to flexor isokinetic values
were fair, whereas the current study found moderate to good correlations for
both the surgical and the non-surgical limbs between the cross-over hop and
flexors at 180 and 300°/second and the triple hop and flexors at 180°/second.
This study found fair correlations for the cross-over hop and flexors at 450°
/second and the triple hop and flexors at 300 and 450°/second. The current
study, in agreement with the findings of Brinks, DeLong, and Stout, demonstated
that isokinetic extension variables at 180 and 300°/second had moderate to good
correlations with both the triple and cross-over hop. Brinks, DeLong, and Stout
found no difference in r-values among isokinetic speeds, whereas the current
study demonstrated higher correlations at the lower speeds and lower
correlations at 450°/second. This finding may have occurred secondary to
subject fatigue since testing at 450°/second was performed last and also due to
the difficulty of completing isokinetic testing at such a high speed. Subjects may
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have had trouble "catching" the resistance and it was difficult to control for their
motivation in attempting to get a maximal effort at such a high speed.
Similar to the findings of this current study, Barber, Noyes, Mangine,
McCloskey, and Hartman (1990) found large differences between ACL deficient
knees and normal knees on the one-legged hop for distance. They concluded
that this functional hop test could reliably determine limitations in ACL deficient
patients. Barber, et. al.'s findings were in agreement with those in the present
study even though subjects in the present study were no longer considered ACL
deficient since they had undergone reconstructive surgery and demonstrated
joint play within normal limits as tested by the KT-1000® knee arthrometer.
Barber, et al. found a statistically significant relationship between the single hop
and quadriceps femoris isokinetic torque values at 60°/second, but did not find a
significant relationship at 300°/second. This contradicts the findings of the
current study, as it was found that the single hop index on the surgical limb did
have significant relationships to knee extensor strength at the speeds of 180,
300, and 450°/second. Consistent with this current study. Barber, et. al. also
found very low correlations between subjective limitations and performance on
hop tests.
In agreement with this current study, Sachs, Daniel, Stone, and Garfein
(1989) found the one-legged hop correlated well with isokinetically tested knee
extensors and flexors at 60°/second in post-ACL reconstructed subjects. Delitto,
Irrgang, Harner, Fu, and Nessi (1993) found weak relationships between
concentric quadricep femoris peak torque and work and the single hop. Both
studies, in contrast to the current study, found no apparent differences in the
single hop between normal and post-ACL reconstructed knees.
The current study found no statistically significant relationships between
subjective knee scores and isokinetic or functional values. This is in contrast to
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the findings of Wilk, Romaniello, Soscia, Arrigo, and Andrews (1994), whose
study demonstrated good correlations between the subjective scores and the
isokinetic scores at 180 and 300°/second (r= 0.59 to 0.71). They also found fair
correlations between subjective scores and the timed single hop, hop for
distance, and the cross-over hop. In contrast Noyes, Barber, and Mangine
(1991) found subjective questionnaire correlations so low with functional
performance that they could not even support a trend.
Implications for Clinical Use
Since there were significant differences in the correlations for functional
performance of the single hop for distance, the triple hop for distance, and the
cross-over hop for distance between the surgical and non-surgical limbs, the
authors suggest that these tests may be useful as important indicators of
functional deficits in the lower extremity. All three hop tests seemed to be
sensitive in recognizing deficits remaining in an ACL reconstructed knee. In
accordance with Barber, et. al. (1990), the results of this study suggest using at
least two of these functional hop tests as a screening procedure to assess
function. In accelerated ACL protocols, like the one discussed by Blair and Wills
(1991), it is suggested that a functional agility program be started along with
sports specific activities by the sixth post-operative week. Wilk and Andrews
(1992) suggested waiting until the 12th post-operative week to begin sport
specific activities or drills which follows a more conservative rehabilitation
protocol. Noyes, et al. (1991) suggested that a symmetry' level between the
lower extremities on functional hop testing should be 85% before starting sport
specific activities regardless of limb dominance and sport activity level.
According to Daniels, et al. (1982), normal symmetry scores for males is equal to
or greater than 90% and 80% for females. These findings may serve as a
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guideline for approximate time frames for initiating sport specific activities in the
clinic.
Since the current study did not show any excellent correlations (r > 0.75)
between any of the isokinetic strength test and functional values, the authors
advise that clinicians critically assess isokinetic test results and use discretion
when making recommendations about a patient's return to activity based solely
on isokinetic testing.

To make isokinetic testing more efficient and cost-

effective, the authors suggest testing at only one speed. Wilk et al. (1994),
Brinks et al. (1995), and the current study found the best correlations to function
at 180°/second, and suggest testing at this speed along with at least two
functional hop tests. The determination of the patient's readiness to return to
activity should be based not only on the increased strength, but also on their
performance on functional and sport specific activities.
Limitations
An attempt was made to be consistent by having the same researcher
perform isokinetic testing and another supervising the functional hop testing.
However, a certain level of systematic human error cannot be controlled for in
setting subjects up on the Biodex® and in measuring exact hop distances before
the subject moved. Also, although all appropriate stabilization straps were used
during Biodex® testing and all subjects crossed their arms over their chest
during testing, some muscle substitution may still have occurred. Another
limitation that was present in using the Biodex® was fatigue. Fatigue could have
played a factor especially in isokinetic testing at 450°/second because this was
the last speed tested even though standard timed rest periods were given
between each of the test speeds. An additional limitation for the fuctional tests
was that they were performed in a controlled clinical setting and therefore results
may be difficult to generalize to the uncontrolled movements that occur while
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participating in other activities such as sports. With all tests, both isokinetic and
functional, the reconstructed knee was tested after the non-surgical knee, which
may have resulted in some learning effect both on the isokinetic and functional
testing.
Limitations of the sample include the difficulty controlling and accounting
for subjects' previously sustained injuries. Some of these may not have been
detected.

It was also difficult to control the subject's effort level as some had

little prior knowledge of isokinetic testing and hopping with landing on a single
leg. Other sample limitations existed, such as the sample used in this study was
one of convenience and contained only 45 subjects. This small sample size may
not represent the general ACL reconstructed population.
A final limitation was that the validity and reliability have not been
established for the subjective knee rating scale.
Suggestions fo r Further Study
The authors suggest that further studies involving individuals with ACL
reconstruction use more sport specific functional tests to try to predict how they
may perform in a particular activity or sport. The authors would also suggest that
the difference between the results when the injured leg is the dominant leg
versus the non-dominant leg may be clinically significant. Further research may
also want to explore trends due to gender, time following surgery, amount and
type (traditional vs. accelerated protocol) of physical therapy following surgery,
and differences in age at the time of surgery. Research should also be done to
establish the reliability and validity of subjective knee score questionnaires.
Conclusion
The authors of this study hypothesized that a significant difference would
be detected between surgical and non-surgical knees. Results supported this
hypothesis as a significant difference was noted with the single hop, the triple
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hop, and the cross-over hop and with all, but one, of the isokinetic knee
extension variables. The second hypothesis was that there would be a positive
and significant correlation between isokinetically tested knee flexor and extensor
strength, three functional tests, and the subjective knee scores. This hypothesis
was partially supported as knee extensor values in general had moderate to
good correlations with the single hop, the triple hop, and the cross-over hop
tests. Knee flexor values had fair to good correlations with these same
functional tests. The subjective knee score hypothesis was not supported as no
significant correlations were found. As a result of this study, it is suggested that
clinicians use a variety of strength and functional measures as well as sport
specific activities to determine a person's readiness to return to activity following
ACL reconstructive surgery.
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Appendix A
INFORMED CONSENT
TITLE OF STUDY
"The Correlation Between Isokinetic Testing of the Knee Flexors and Extensors, Three
Functional Hop Tests and Subjective Knee Ratings Following Anterior Cruciate
Ligament Reconstruction"

INVESTIGATORS
This research study is being carried out under the supervision of Jolene Bennett MA,
PT, ATC at the following institution: Butterworth Rehabilitation Center. Grand Valley
State University graduate students Laura Call and Sheryl Chandler will be assisting in
the research project. This study will include 30 males and 30 females age 18-50.

PURPOSE OF STUDY
The purpose of this study is to compare strength of the knee flexors and extensors
found by isokinetic testing, three closed chain functional tests and subjective knee
ratings. The isokinetic testing will be done using a Biodex® machine. You will be
asked to bend and straighten your knee as fast and as hard as you can while the
machine measures your strength in these movements. Subjects will have undergone
ACL reconstruction between 12 to 48 months prior to participation in this study. The
knowledge gained in this study will help physical therapists and physicians more
accurately measure functional strength and endurance of the lower extremities and
make treatment decisions.

STUDY PROCEDURES
If you agree to participate in this study you will be asked to complete a pre-test
questionnaire that includes items regarding medical history, present activity level,
experience with an isokinetic machine, height, weight, age and gender. You will be
evaluated by a licensed physical therapist for any knee or ankle dysfunctions other than
ACL reconstruction. Tests checking for muscle tightness, ligamentous instability,
menisci lesions and range of motion deficits will be performed. Anterior laxity will be
tested using the KT-1000 arthrometer®. This device is placed over your knee to test
how much movement your ACL allows between your lower leg and your thigh. You will
be excluded from the study under the following conditions: 1. any injury to the ankle,
knee, hip or back which has required treatment by a physician in the last 6 months, 2.
unable to attain knee range of motion to at least 110 degrees of flexion and within 10
degrees of full extension, 3. unable to attain at least 65 degrees of straight leg raise, 4.
if given a positive test value for ligament laxity or menisci test, 5. if involved knee
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exhibits anterior laxity of >3 mm over the uninvolved knee as tested by the KT-1000, 6.
if more than minimal edema in either knee, 7. if given a positive for joint line tenderness,
8. if subject is or suspects they may be pregnant, 9. if subject rates their knee < 60
points on the subjective knee score questionnaire, 10. any history of cardiac or
pulmonary problems which required treatment from a physician, 11. if diagnosed with a
neuromuscular disease.
Two different stations will be used for data collection. They include Biodex test of the
strength of the quadriceps femoris and hamstrings at 115 degrees of hip flexion and a
functional testing station with three different hopping activities. Computer
randomization (similar to a flip of a coin) will determine the order in which the subject
will visit the two stations. The uninvolved leg will be tested first in each test.
Prior to testing you will go through a warm-up session. The warm-up will include five
minutes on a stationary bicycle and self-stretching of the quadriceps, hamstrings,
gastrocnemius, and soleus muscles. The stretches will be performed as instructed and
supervised with three repetitions held for 30 seconds each.
Biodex testing will be done at 115 degrees of hip flexion. To familiarize you with the
machine and isokinetic resistance, three submaximal and three maximal repetitions will
be performed prior to testing at each speed. The testing protocol includes data
collection at 180, 300 and 450 degrees per second with the slowest (180 degrees per
second) speed being tested first. At 180, 300, and 450 degrees per second you will
perform three submaximal and maximal repetitions as a warm-up followed by 10
maximal test repetitions. Standard rest periods of 30 seconds will follow the warm-up
repetitions and a 60 second rest period will be given between each test session using
alternate legs during each test.
Your participation in the above procedures will require one 60 minute session.

RISKS. BENEFITS. PRECAUTIONS
You will be able to stop the Biodex testing procedure at any time be hitting the red stop
button or by not completing the repetition in circumstances of pain or discomfort.
Throughout all three functional tests, the investigator will be standing within one arms
length for your safety.
You may experience muscle soreness following the test which is common after physical
activity and strength testing.
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Participation in this study may involve unforeseeable risks, however if any further risks
are discovered by the investigators you will be informed of these risks with the option to
withdraw from the study.
You will be objectively evaluated for stability, strength and functional performance of
their knee. However, since the study is designed as a one time test, you will not benefit
from any increase in strength or functional performance.
Comparison will be made to your uninvolved leg and also to other subjects in your age
group.

PRIVACY
You will be given a subject identification code to be used throughout the study and your
identification will be kept confidential. Records will be available to investigators,
Buttenworth Hospital and the Food and Drug Administration.
If the results of this study are written in a scientific journal or presented at a specific
meeting, your name will not be used.

FINANCIAL COMPENSATION
In the event of injury resulting from the research procedures, proper first aid treatment
will be administered by the investigators and/or physicians at the Butterworth
Med+Center. Buttenworth Med+Center and Hospital will not be held liable and will not
provide care and/or hospitalization without cost.

CONTACTS/QUESTIONS
This study is being directed by Jolene Bennett MA, PT, ATC. If you have any questions
she may be reached at Butten/vorth Rehabilitation Center (616) 243-8053.
The following is the name, address and telephone number of the person to contact for
answers to pertinent questions about your rights as a research subject:
NAME
ADDRESS

TELEPHONE#
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Linda Pool
Butterworth Hospital
100 Michigan NE
Grand Rapids, Ml 49503
(616) 774-1291
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VOLUNTARY PARTICIPATION
Your decision about whether to or not to participate in this study is voluntary. If you
decide to participate, you may withdraw from the study at any time without fear or
prejudice to you or your care. You will be given a copy of this signed consent form.
STATEMENT OF PHYSICAL THERAPIST OBTAINING INFORMED CONSENT
I have read this consent form, this study has been explained and my questions have
been sufficiently answered. My signature below indicates that I understand the
information provided to me in this consent form and that 1agree to participate in this
study. I acknowledge receiving a copy of this consent form.

DATE_______

Subject's Signature
Subject's Name
(PRINT)

DATE_______

PT's Signature__________________
Jolene Bennett MA,PT,ATC

DATE

Witness' Signature
Witness' Name
(PRINT)
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Appendix B
Pretest Subjective Knee Questionnaire

Subject ID:______

Age:______

Sex:______ Male

Female

On which knee did you have ACL reconstruction done?

R

L

Date of surgery:____________ Physician:_____________________
Type of surgery: (Check one)

Arthrectomy
Arthroscopically-assisted

Which procedure was used? (Check one)

Extra-articular
Intra-articular

What other anatomical structures were injured or repaired?
Check all that apply:
Medial Collateral Ligament
(
repaired
non-repaired)
Lateral Collateral Ligament
Posterior Cruciate Ligament
Lateral Meniscus
(___repaired__ Excised)
Medial Meniscus
(_r epaired
Excised)
Did you go for physical therapy following surgery?
Yes
If yes, for how long? (in weeks)______________

No

Have you ever used an isokinetic device for testing or exercise purposes?
Yes
No
Have you had any of the following problems that required treatment by a
physician in the last 6 months?
Circle yes or no:

Ankle injury
Hip injury
Knee injury
Back injury

61

Yes
Yes
Yes
Yes

No
No
No
No
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Have you ever had any of the following problems that required treatment by a
physician?
Circle yes or no:

Cardiac condition
Pulmonary condition
Neuromuscular Disease

Yes
Yes
Yes

No
No
No

Please list any prescription or over the counter medications which you are
currently taking:

Please check the statement that best describes the condition of your knee
Pain:
20___
16___
12___
8___

4___
0___
Intensity:
Frequency:
Location:
Occurs:
T y pe:
Sw elling:
10___
8___
6___
4___

2___
0___

I experience no pain in my knee.
I have occasional pain with strenuous sports or heavy work. I don't think that my
knee is entirely normai. Limitations are mild and tolerable.
There is occasional pain in my knee with light recreational sports or
moderate work.
I have pain brought on by sports, light recreational activities, or moderate
work. Occasional pain is brought on by daily activities such as standing or
kneeling.
The pain I have in my knee is a significant problem with activities as simple
as walking. The pain is relieved by rest. I can't participate in sports.
I have pain in my knee at all times, even during walking, standing, or light
work.
___ mild
moderate
Severe
___ Constant ___ intermittent
___ Medial (inner)
Lateral (outer)
Anterior (front)
Posterior (back)
Diffuse (all over)
___ Kneel
Stand
Sit
Stairs
___ Sharp
Aching
Throbbing
Burning
I experience no swelling in my knees.
I have occasional swelling in my knee with strenuous sports or heavy work.
There is occasional swelling with light recreational activities or moderate
work.
Swelling limits my participation in sports and moderate work. Occurs
infrequently with simple walking or light work. Occasionally with simple
walking or light work-about three times a year.
My knee swells after simple walking activities and light work.
I have severe swelling with simple walking activities. The swelling is not
relieved by rest.
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Stability:

20
16

12_

8_
4_

0_
Stiffness:
Grind ing:

Loshing:

My knee does not give out.
My knee gives out only with strenuous sports or heavy work.
My knee gives out occasionally with light recreational activities or moderate
work; it limits my vigorous activities, sports, or heavy labor.
Because my knee gives out, it limits all sports and moderate work. It
occasionally gives out with walking or light work.
My knee gives out frequently with simple activities such as walking. I must
guard my knee at all times.
I have severe problems with my knee giving out. I can't turn or twist
without my knee giving out.
_none
occasional
frequent
_none
mild
moderate
severe
_none
occasional
frequent

Overall A ctivity Level:
20
No limitations. I have a normal knee, and I am able to do everything
including strenuous sports and/or heavy labor.
16
I can partake in sports including strenuous ones but at a lower level. I must
guard my knee and limit the amount of heavy labor or sports.
12
Light recreational activities are possible with RARE symptoms. I am limited
to light work.
No sports or recreational activities are possible. Walking activities are
possible with RARE symptoms. I am limited to light work.
Walking activities and daily living cause moderate problems and persistent
symptoms.
0_
Walking and other daily activities cause severe problems.
W alking:
10_
Normal, unlimited.
8_
Slight, mild problems.
6_
Moderate problem, flat surface up to a half a mile.
Severe problems, only 2-3 blocks.
4_
2_
Severe problems, need cane or crutches.
Stairs:
Normal, unlimited.
5_
Slight, mild problems.
4_
3_
Moderate problems, only 10-15 stairs possible.
2_
Severe problems, require banister for support.
1_
Severe problems, only 1-5 steps with support.
R unning:
10
Normal, unlimited, fully competitive.
8_
Slight, mild problems, run at half speed.
Moderate problems, only 1-2 miles possible.
6_
4_
Severe problems, only 1-3 blocks possible.
2
Severe problems, only a few steps.
Jum ping and T w istin g:
Normal, unlimited, fully competitive.
5___
4___ Slight, mild problems, some guarding.
3___ Moderate problems, gave up strenuous sports.
2___ Severe problems, affects all sports, always guarding.
1___ Severe problems, only light activity possible (golf/swim).
If I had to give my knee a grade from 1 to 100, with 100 being the best, I would give my knee a

Appendix C
Patient Screening Procedure
Subject ID
"Height,

‘ Weight,

‘ Involved Extremity

R

*Knee
ROM:

R

<110 deg

> 110 deg

L

<110 deg

> 110 deg

R

0 to -10 deg

< -10 deg

L

0 to -10 deg

< -10 deg

Flexion:

Extension:

Ligament Tests:
Lachman's:

R
+

Anterior Drawer;
(90 deg flexion)

-

R
+

R

Lateral Pivot Shift:

4*

-

R

Posterior Drawer:

+

VarusA/algus Stress Test:
Varus:
Valgus:

R

McMurray's Meniscal Test:
Medial:
Lateral:

R
+ +

KT-1000: Anterior Laxity:

R
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+
+

-

mm

L
+

+
L

mm

65

Observation/Palpation
Joint Line Tenderness:
Medial:
Lateral:
Edema:

R
L

R

L

+
+

+
+

nml min mod severe
nml min mod severe

*Ankle
Ligament test:
Anterior Drawer:

R
+

R

Posterior Drawer:

+

Inversion/Eversion:
Inversion:
Eversion:
^Flexibility Testing
Hamstrings:
Straight Leg Raise:

R
+
+

R

-

<65 deg

L
Gastrocnemius/Soleus:
R Knee Extended:
R Knee Flexed:
L Knee Extended:
L Knee Flexed:

+

-

neutral
neutral
neutral
neutral

<65 deg

1-10
1-10
1-10
1-10

>65 deg
>65 deg

deg
deg
deg
deg

>10
>10
>10
>10

deg
deg
deg
deg

Appendix D
Instructions for Functional Tests

Single Hop for Distance
The purpose of this test is to determine how far you can go in a single hop on one
leg. You will be given two practice trials before you are tested. Then you will complete
three test trials. Your best one will be recorded. In order for your trial to be counted,
you must land firmly on the foot being tested without taking an extra hop and without
touching any other limb to the floor in attempts to keep your balance.

1. First, stand on the leg to be tested with your toes behind the line.
2. When I instruct you to do so, hop as far as you can in a straight line.
3. Remain on the leg being tested until I instruct you to put your other foot down
and return back to the starting position for the next trial.
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Triple Hop for Distance
The purpose of this test is to determine how far you can hop on one leg in three
consecutive hops. You will be given two practice trials before you are tested. Then
you will complete three test trials. Your best one will be recorded. In order for your trial
to be counted, you must land firmly on the foot being tested without taking an extra hop
and without touching any other limb to the floor in attempts to keep your balance.

1. First, stand on the leg to be tested with your toes behind the line.
2. When I instruct you to do so, hop as far as you can three times in a straight line.
3. Remain on the leg being tested until I instruct you to put your other foot down
and return back to the starting position for the next trial.
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Cross over Hop for Distance
The purpose of this test is to determine how far you can hop on one leg in three
consecutive hops while crossing over a 15cm strip of tape for each hop. You will be
given two practice trials before you are tested. Then you will complete three test trials.
Your best one will be recorded. In order for your trial to be counted, you must land
firmly on the foot being tested without taking an extra hop and without touching any
other limb to the floor in attempts to keep your balance. Also, your test foot may not
touch either side of the tape during each hop.

1. First, stand on the leg to be tested with your toes behind the line.
2. When I instruct you to do so, do a series of three hops crossing over the line
with each hop. Hop as far as you can each time without touching the tape.
3. Remain on the leg being tested until 1instruct you to put your other foot down
and return back to the starting position for the next trial.

Appendix E
Functional Data Collection Sheet

Subject ID____________
Height__________

Date__________

Gender_____

Age_

Weight_________

Single Hop for Distance

Right Leg
Test 1

cm

Test 2

cm

Test 3

cm

Best

cm

Left Leg
Test 1_____ cm

Test 2_____ cm

Test 3_____ cm

Best____ cm

Test 2_____ cm

Test 3_____ cm

Best____ cm

Test 1_____ cm____ Test 2_____ cm

Test 3_____ cm

Best____ cm

Triple Hop for Distance

Right Leg
Test 1_____ cm
Left Leg

Cross-over Hop for Distance

Right Leg
Test 1_____ cm____ Test 2_____ cm

Test 3_____ cm____Best____ cm

Left Leg
Test 1 ____

cm

Test 2

cm

Test 3
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cm

Best

cm

Appendix F
Instructions for Isokinetic Testing
Introduction:
At this station you will perform a strength test on an isokinetic machine.
During isokinetic testing, the resistance varies and does not remain constant.
The harder you push against the machine, the harder it will push against you; so
you must kick and pull as fast and as hard as you can for the test to be accurate.
The test will consist of three test speeds. The difference between speeds
will feel much like the difference when you shift gears on a bicycle. On the
slower speeds, you won't be able to move your leg very fast because you will
feel a lot of resistance; just like in a high gear on a bicycle. But, at faster speeds,
you will be able to kick a lot faster before you feel the resistance; just like when
you pedal at a lower gear.
During the test, each leg will be tested separately and follow the same
protocol. At each of the three speeds, you will perform three less than maximum
and three maximum contractions followed by the test repetitions. At each speed
you will do ten test repetitions. You will then switch legs and do the same
protocol on the opposite leg. Throughout the test, you will be cued as to what
you will need to do at that particular time.
I will now set you up for the test. At any time you can stop the test by
hitting the red stop button or by not completing any more repetitions.
Test: "I will now position you for the test."
1. Set-up:
a. Check the balance on the machine.
b. Position the subject in 115 deg of hip flexion.
c. Line up the Biodex with the femoral condyles. May need to adjust the
seat.
d. Stabalize subject with straps. For the ankle, ask "Can you still bring
your foot and toes up toward your head?"
e. Pull straps tight. "These should feel snug but not so tight that they are
cutting off your circulation."
f. Type information into the computer.
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2. Setting the ROM:
a. "Just relax while I move your leg up and down to set the range of
motion for the machine."
b. Set the reference angle at 100 deg by measuring with a goniometer.
Set the ROM button.
c. Measure to subject's full extension. Set the ROM button.
3. Measure the gravity effect: "Now I am going to measure how heavy your leg
is. I'm going to straighten your leg and then I want you to totally relax
your le g ."
"Okay. Totally relax your leg."

4. Test at 180 deg/second:
a. Practice and scaling. "Now I would like you to perform three less than
maximum and three maximum repetitions as a warm-up to get used to this
speed. You may start when I say start and stop when I say stop. Are you
ready? S ta rt!
Stop! "Are any of the straps too loose or too tight?"
30 second rest
b. "Now hold your leg in the start position. You will now do ten test
repetitions kicking and pulling as fast and as hard as you can. You may
start when I say start and stop when I say stop. Are you ready? Start!
Stop!"
60 second rest
5. Test at 300 deg/second:
a. Practice and scaling. "Again, you will perform three less than
maximum and three maximum repetitions as a warm-up to get used to this
speed. You may start when I say start and stop when I say stop. Are you
ready? S ta rt! Stop!"
30 second rest
b. "Now hold your leg in the start position. You will now do ten test
repetitions kicking and pulling as fast and as hard as you can. You may
start when I sav start and stop when I say stop. Are you ready? Start!
Stop!"
60 second rest
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6. Test at 450 deg/second:
a. Practice and scaling. "Again, you will perform three less than
maximum and three maximum repetitions as a warm-up to get used to
this speed. You may start when Î say start and stop when I say stop. Are
you Ready? S ta rt!
Stop!"
30 second rest
b. "Now hold your leg in the start position. You will now do ten test
repetitions kicking and pulling as fast and as hard as you can. You may
start when I say start and stop when I say stop. Are you ready? Start!
Stop!"
7. "This completes the testing for this leg. We will now go through the same
protocol on the opposite leg. You may now get off the seat and sit on the
seat on the other side."
2 minute rest
8. Repeat steps 1 through 7 on the opposite leg.

Appendix G
Isokinetic Data Collection Sheet
Subject ID

Weight_

Test Speed: 180 deg/sec
Right Leg
Extension:

Mean Torque / Body W eight__
Average Power / Body Weight
Total Work / Body W eight___

Flexion:

Mean Torque / Body W eight_
Average Power / Body Weight
Total Work / Body W eight___

Left Leg
Extension:

Mean Torque / Body W eight_
Average Power / Body Weight
Total Work / Body W eight___

Flexion:

Mean Torque / Body W eight_
Average Power / Body Weight
Total Work / Body W eight___
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Isokinetic Data
Subject ID_____

Weight

Test Speed; 300 deg/sec
Right Leg
Extension:

Mean Torque / Body W eight__
Average Power / Body Weight
Total Work / Body W eight___

Flexion:

Mean Torque / Body W eight_
Average Power / Body Weight
Total Work / Body W eight___

Left Leg
Extension:

Mean Torque / Body W eight_
Average Power / Body Weight
Total Work / Body W eight___

Flexion:

Mean Torque / Body W eight__
Average Power / Body Weight
Total Work / Body Weight____
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Isokinetic Data
Subject ID_____

Weight

Test Speed: 450 deg/sec
Right Leg
Extension:

Mean Torque / Body W eight_
Average Power / Body Weight
Total Work / Body W eight___

Flexion:

Mean Torque / Body W eight_
Average Power / Body Weight
Total Work / Body W eight___

Left Leg
Extension:

Mean Torque / Body Weight_
Average Power / Body Weight
Total Work / Body Weight___

Flexion:

Mean Torque / Body W eight_
Average Power / Body Weight
Total Work / Body W eight___

Appendix H
Stretching Protocol
Hamstring Stretch
1. Sit with the leg to be stretched extended across the treatment table,
placing your opposite foot on the floor.
2. Lean your body forward toward your thigh, keeping your back straight,
so the movement occurs only at the hip.
3. Continue to lean forward until you feel a "stretch" in the back part of
your leg on the table.
4. Hold for 30 seconds.
5. Repeat steps 1-4 two more times.
6. Repeat on the opposite leg.
Quadriceps Stretch
1. Lay on your stomach on the treatment table.
2. Bend the knee of the leg to be stretched.
3. Grab your ankle on that side and pull your heel toward your bottom
until a stretch is felt in the front of your thigh.
4. Hold that stretch for 30 seconds.
5. Repeat steps 1-4 two more times.
6. Repeat on the opposite leg.
Gastrocnemius Stretch
1. Stand with your hands against the wall with the leg to be stretched
behind you.
2. Turn the foot of the leg to be stretched inward.
3. Lean forward on your front leg and bend your knee keeping the heel of
the foot behind you on the floor and the knee straight.
4. Hold this position for 30 seconds. Do not bounce.
5. Repeat steps 1-4 two more times.
6. Repeat on the opposite leg.
■S.olgJJS-S.trglctl
1. Stand with your hands against the wall with the leg to be stretched
behind you.
2. Turn the foot of the leg to be stretched inward.
3. Lean fonvard on your front leg and bend your knee keeping the heel of
the foot behind you on the floor and the knee bent this time.
4. Hold this position for 30 seconds. Do not bounce.
5. Repeat steps 1-4 two more times.
6. Repeat on the opposite leg.
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